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(54) METHOD OF TRANSFERRING THIN FILM DEVICES, THIN FILM DEVICE, THIN FILM 

INTEGRATED CIRCUIT DEVICE, ACTIVE MATRIX SUBSTRATE, LIQUID CRYSTAL DISPLAY, 
AND ELECTRONIC APPARATUS 



(57) A thin film device fabrication method in which a 
thin film device formed on a substrate are transferred to 
a primary destination-of-transfer part and then the thin 
film device is transferred to a secondary destination-of- 
transfer part. A first separation layer (120) made of such 
a material as amorphous silicon is provided on a sub- 
strate (100) which allows passage of laser. A thin film 
device (140) such as TFTs are formed on the substrate 
(100). Further, a second separation layer (160) such as 
a hot-melt adhesive layer is formed on the thin film 
devices(140), and a primary destination-of-transfer part 
(180) is mounted thereon. The bonding strength of the 
first separation layer is weakened by irradiation with 
light, and the substrate (100) is removed. Thus, the thin 
film device (140) is transferred to the primary destina- 
tion-of-transfer part. Then, a secondary destination-of- 
transfer part (200) is attached onto the bottom of an 
exposed part of the thin film device (140) via an adhe- 
sive layer (190). Thereafter, the bonding strength of the 
second separation layer is weakened by such means as 
thermal fusion, and the primary destination-of-transfer 
part is removed. In this manner, the thin film device 
(140) can be transferred to the secondary destination- 
of-transfer part (200) while maintaining layering rela- 
tionship with respect to the substrate (100). 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a thin film 
device transfer method, a thin film device, a thin film 
integrated circuit device, an active matrix board, a liquid 
crystal display, and an electronic apparatus. 

BACKGROUND ART 

[0002] In the manufacture of a liquid crystal display 
comprising thin film transistors (TFTs), for instance, thin 
film transistors are formed on a substrate through CVD 
or any other process. Since a fabrication process for 
forming thin film transistors on a substrate involves 
high-temperature treatment, a substrate made of a 
heat-resistant material is required, i.e., the substrate 
material must have a high softening point and a high 
melting point. At present, therefore, quartz glass is used 
as a material to provide a substrate capable of with- 
standing up to approx. 1000 °C, or heat-resistant glass 
is used as a material to provide a substrate capable of 
withstanding up to approx. 500 °C. 
[0003] As mentioned above, the substrate on which 
thin film devices are to be mounted must satisfy condi- 
tions required for fabricating the thin film devices. 
Namely, the kind of substrate is determined to meet fab- 
rication conditions required for the devices to be 
mounted thereon. 

[0004] In view of a subsequent phase to be taken after 
thin film devices such as TFTs are formed, the substrate 
indicated above are not always preferable. 
[0005] Where a fabrication process involving a high- 
temperature treatment is carried out, a quartz glass or 
heat-resistant glass substrate is used as exemplified 
above. However, the quartz glass or heat-resistant 
glass substrate is very expensive, resulting in an 
increase in product cost 

[0006] The glass substrate is also disadvantageous in 
that it is relatively heavy and fragile. A liquid crystal dis- 
play for use in a portable electronic apparatus such as a 
palm-top computer or mobile telephone should be as 
inexpensive as possible, light in weight, resistant to 
deformation to a certain extent, and invulnerable to 
dropping. In actuality, however, the glass substrate is 
heavy, not resistant to deformation, and vulnerable to 
dropping. 

[0007] In other words, there is a discrepancy between 
restrictive conditions required for a manufacturing proc- 
ess and characteristics desirable for a manufactured 
product. It has been extremely difficult to satisfy both of 
these required process conditions and desirable prod- 
uct characteristics. 

[0008] The inventors, et al. have proposed a technique 
in which an object-of-transfer layer containing thin film 
devices is formed on a substrate through a conventional 
process and thereafter the object-of-transfer layer con- 



taining thin film devices is removed from the substrate 
for transference to a destination-of-transfer part (Japa- 
nese Patent Application No. 225643/1 9S8). In this tech- 
nique, a separation layer is formed between the 

5 substrate and a thin film device which is the object-of- 
transfer layer, and the separation layer is irradiated with 
light to cause exfoliation in an inner-layer part and/or 
interlace of the separation layer. Thus, bonding strength 
between the substrate and the object-of-transfer layer is 

io weakened to enable removal of the object-of-transfer 
layer from the substrate. In this manner, the object-of- 
transfer layer is transferred to the destination-of-transfer 
part. Where a fabrication process for forming thin film 
devices involves high-temperature treatment, a quartz 

is glass or heat-resisting glass substrate is used. In the 
technique mentioned above, however, since the desti- 
nation-of-transfer part is not exposed to high-tempera- 
ture treatment, restrictive requirements imposed on the 
destination-of-transfer part are advantageously allevi- 

20 ated to a significant extent 

[0009] When the object-of-transfer layer containing 
thin film devices is removed from the substrate 
employed for thin film device formation so that the 
object-of-transfer layer is transferred to the destination- 
's of-transfer part, the layering relationship of the object- 
of-transfer layer with respect to the destination-of-trans- 
fer part becomes opposite to that of the object-of-trans- 
fer layer with respect to the substrate. Namely, the side 
of the object-of-transfer layer which has faced the sub- 

30 strate originally does not face the destination-of-transfer 
part. For example, in the case where the object-of-trans- 
fer layer has first and second layers and is formed on 
the substrate in the order of the first and second layers, 
when the object-of-transfer layer is transferred to the 

35 destination-of-transfer part, the object-of-transfer layer 
is configured thereon in the order of the second and first 
sub-layers. 

[0010] In the common practice of forming thin film 
devices on a substrate, electrodes are formed via an 

40 insulation layer after the formation of the element. Since 
the electrodes are disposed on the surface side, wiring 
connections or contacts can be arranged on the elec- 
trodes with ease. On the contrary, where the object-of- 
transfer layer containing thin film device and electrodes 

45 is transferred to the destination-of-transfer part, the 
electrodes are covered with the destination-of-transfer 
part, making it difficult to arrange wiring connections or 
contacts thereon. 

so DISCLOSURE OF THE INVENTION 

[001 1 ] In view of the foregoing, it is a general object of 
the present invention to provide a novel technique in 
which a substrate employed for thin film device forma- 
55 tion and a substrate used as an actual element of a 
product (i.e., a substrate having characteristics desira- 
ble for usage of the product) can be selected individually 
and flexibly and in which thin film devices can be trans- 
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ferred to the substrate used as the actual product ele- 
ment while maintaining the layering relationship of the 
thin film devices with respect to the substrate employed 
for thin film device formation. 

[0012] In accomplishing this object of the present 
invention and according to one aspect thereof, there is 
provided a thin film device transfer method comprising: 

a first step of forming a first separation layer on a 
substrate; 

a second step of forming an object-of-transfer layer 
containing a thin film device on the first separation 
layer; 

a third step of forming a second separation layer on 
the object-of-transfer layer; 

a fourth step of attaching a primary destination-of- 
transfer part to the second separation layer; 
a fifth step of removing the substrate from the 
object -of transfer layer using the first separation 
layer as a boundary; 

a sixth step of attaching a secondary destination-of- 
transfer part to the bottom of the object-of-transfer 
layer; and 

a seventh step of removing the primary destination- 
of-transfer part from the objet-of-transfer layer 
using the second separation layer as a boundary, 
whereby the object-of-transfer layer containing the 
thin film device is transferred to the secondary des- 
tination-of-transfer part. 

[001 3] The first separation layer to be separated later 
is provided on a substrate such as a quartz glass sub- 
strate having high reliability for device fabrication, and 
the object-of-transfer layer containing thin film devices 
such as TFTs is formed thereon. Then, the second sep- 
aration layer to be separated later is formed on the 
object-of-transfer layer, and further the primary destina- 
tion-of-transfer part is attached to the second separa- 
tion layer. Thereafter, using the first separation layer as 
a boundary, the substrate employed for thin film device 
formation is removed from the object-of-transfer layer. In 
this state, however, layering relationship of the object- 
of-transfer layer with respect to the primary destination- 
of-transfer part is opposite to that of the object-of-trans- 
fer layer with respect to the substrate employed for thin 
film device formation. 

[001 4] It is therefore preferable that the first separation 
layer is removed from the bottom of the object-of-trans- 
fer layer, then the secondary destination-of-transfer part 
is attached to the bottom thereof. Thereafter, using the 
second separation layer as a boundary, the primary 
destination-of-transfer part is removed from the object- 
of-transfer layer. Thus, the secondary destination-of- 
transfer part is disposed at the position that has been 
occupied by the substrate employed for thin film device 
formation, i.e., the layering relationship of the object-of- 
transfer layer with respect to the secondary destination- 
of-transfer part agrees with that of the object-of-transfer 



layer with respect to the substrate employed for thin film 
device formation. 

[0015] The step of attaching the secondary destina- 
tion-of-transfer part to the bottom of the object-of-trans- 

s fer layer and the step of removing the primary 
destination-of-transfer part from the object-of-transfer 
layer may be reversed; namely, either of these steps 
may be carried out first. In a situation where a problem 
may occur in handling the object-of-transfer layer after 

io removing the primary destination-of-transfer part, how- 
ever, it is desirable to attach the object-of-transfer layer 
to the secondary destination-of-transfer part first and 
then remove the primary destination-of-transfer part 
from the object-of-transfer layer. In this respect, the pri- 

15 mary destination-of-transfer part may be made of any 
material having at least a shape-retaining property. 
Since the primary destination-of-transfer part is not 
used in thin film device formation, it is not required to 
consider restrictive process conditions such as heat 

20 resistance and metallic contamination. 

[001 6] In the fifth step, it is preferable to include a step 
of irradiating the first separation layer with light to cause 
exfoliation in an inner-layer and/or interface of the first 
separation layer. 

25 [001 7] The first separation layer is irradiated with light, 
thereby causing a phenomenon of exfoliation in the first 
separation layer. This decreases adhesiveness 
between the first separation layer and the substrate. 
Then, by applying force to the substrate, the substrate 

30 can be removed from the object-of-transfer layer. 

[0018] The substrate preferably transmits light. In this 
case, the first separation layer is irradiated with light 
through the light transmitting substrate. 
[0019] Thus, without directly irradiating the thin film 

35 devices with light, exfoliation can be made to occur in 
the first separation layer, thereby reducing the possibil- 
ity of degradation in the performance characteristics of 
the thin film devices. 

[0020] Further, the second separation layer may be 

40 made of an adhesive material. In this case, the fifth step 
includes a step of melting the adhesive material. 
[0021 ] Where the second separation layer made of an 
adhesive material is employed, it is also usable as an 
adhesive for attaching the primary destination-of-trans- 

45 fer part later. Still more, after the primary destination-of- 
transfer part is attached, it can be removed easily by 
heating. Still further, even in case there is some uneven- 
ness on the surface of the object-of-transfer layer con- 
taining thin film devices, the adhesive material can be 

so used as a flattening layer to compensate for the uneven- 
ness, thus making it easy to attach the primary destina- 
tion-of-transfer part to the second separation layer. 
[0022] In the seventh step, it is preferable to include a 
step of irradiating the second separation layer with light 

55 to cause exfoliation in an inner-layer part and/or inter- 
face of the second separation layer 
[0023] The second separation layer is irradiated with 
light, thereby causing a phenomenon of exfoliation in 
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the second separation layer. This decreases adhesive- 
ness between the second separation layer and the pri- 
mary destination-of-transfer part. Then, by applying 
force, the primary destination-of-transfer part can be 
removed from the object-of-transfer layer. 
[0024] The primary destination-of-transfer part pref er- 
ably transmit light In this case, the second separation 
layer is irradiated with light through the light transmitting 
primary destination-of-transfer part. 
[0025] Thus, without directly irradiating the thin film 
devices, exfoliation can be made to occur in the second 
separation layer, thereby reducing the possibility of deg- 
radation in the performance characteristics of the thin 
film devices. 

[0026] In the second step, it is preferable to include a 
step of forming an electrode tor conduction to the thin 
film device after formation of the thin film device, in this 
case, the secondary destination-of-transfer part, thin 
film devices, and electrodes are superimposed in the 
order mentioned. Even after the object-of-transfer layer 
is transferred to the secondary destination-of-transfer 
part, wiring connections or contacts can be arranged on 
the electrodes with ease. 

[0027] Further, it is preferable to provide a step of 
removing the second separation layer from the object- 
of-transfer layer. In this step, the second separation 
layer, which is unnecessary, is removed completely. 
[0028] Referring particularly to preferable properties 
of a material of the secondary destination-of-transfer 
part, the secondary destination-of-transfer part is not 
used in thin film device formation as in the case of the 
primary destination-of-transfer part. Therefore, in selec- 
tion of a material for the secondary destination-of-trans- 
fer part, it is not required to consider restrictive process 
conditions such as heat resistance and metallic contam- 
ination. 

[0029] The secondary destination-of-transfer part may 
be a transparent substrate. An inexpensive soda glass 
substrate or a flexible transparent plastic film may be 
considered as the transparent substrate. Where a trans- 
parent substrate is used as the secondary destination- 
of-transfer part, it is possible to realize a liquid crystal 
panel substrate having thin film devices formed thereon, 
for example. 

[0030] Assuming that a maximum temperature in the 
formation of the object-of-transfer layer is T max , the sec- 
ondary destination-of-transfer part is preferably made of 
a material having a glass transition temperature (Tg) or 
softening point lower than or equal to the T max . 
[0031] Thus, it becomes possible to flexibly use an 
inexpensive glass substrate which has not been appli- 
cable conventionally because of insufficient resistance 
to the maximum temperature in device formation. Simi- 
larly, the primary destination-of-transfer part is not 
required to have resistance to heat as high as the max- 
imum temperature level in the process of thin film device 
formation. 

[0032] The glass transition temperature (Tg) or soften- 



ing point of the secondary destination-of-transfer part 
may be lower than or equal to the maximum tempera- 
ture in the process of thin film device formation since the 
secondary destination-of-transfer part is not exposed to 

5 the maximum temperature of thin film device formation. 
The secondary destination-of-transfer part may there- 
fore be made of a synthetic resin or glass material. 
[0033] For instance, if a flexible synthetic resin sheet 
such as a plastic film is used as the secondary destina- 

10 tion-of-transfer part and the thin film devices are trans- 
ferred thereto, it is possible to provide an advantageous 
characteristic which would not be attained with a highly 
rigid glass substrate. By applying the present invention 
to liquid crystal rfsplay manufacturing, a display device 

15 which is flexible, light-weight and invulnerable to drop- 
ping can be realized. 

[0034] Further, for instance, an inexpensive soda 
glass substrate is also usable as the secondary destina- 
tion-of-transfer part. The inexpensive soda glass sub- 

20 strate is advantageous in lowering the manufacturing 
cost. Since the soda glass substrate gives rise to a 
problem that alkaline components thereof are eluted 
through heat treatment in TFT fabrication, it has been 
difficult conventionally to use the soda glass substrate in 

25 manufacturing an active matrix liquid crystal display. In 
the present invention, however, since the thin film 
devices already completed are transferred to the sec- 
ondary destination-of-transfer part, the problem con- 
cerning heat treatment does not take place. It is 

30 therefore possible to use the soda glass substrate or the 
like having such a problem as mentioned above in a 
field of an active matrix liquid crystal display. 
[0035] Then, referring particularly to properties of a 
material of the substrate on which the object-of-transfer 

35 layer is formed, it is preferable for the substrate to pro- 
vide heat resistance. In thin film device formation, heat 
treatment at a desired temperature can thus be carried 
out to enable fabricating high-performance thin film 
devices with high reliability. 

40 [0036] Furthermore, the substrate mentioned above 
preferably allows transmission of 1 0% or more of light to 
be used for exfoliation thereof. A sufficient amount of 
light energy for exfoliation in the first separation layer 
can thus be transmitted through the substrate. 

45 [0037] Assuming that a maximum temperature in for- 
mation of the object-of-transfer layer is T max , the sub- 
strate is preferably made of a material having a 
distortion point higher than or equal to the T max . 
[0038] Thus, it becomes possible to carry out heat 

so treatment at a desired temperature in thin film device 
formation for fabricating high-performance thin film 
devices with high reliability. 

[0039] Then, referring to preferable properties of a 
material of the first separation layer and/or second sep- 
55 aration layer in which exfoliation is made to occur by 
irradiation with light, the first separation layer and/or 
second separation layer are preferably made of amor- 
phous silicon. 
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[0040] Amorphous silicon absorbs light, and it is 
rather easy to manufacture and highly practicable to 
use. 

[0041] Further, it is preferable to use amorphous sili- 
con which contains 2 atomic % or more of hydrogen (H). 
[0042] Where amorphous silicon containing hydrogen 
is used, irradiation with light causes release of hydro- 
gen, thereby producing internal pressure in the separa- 
tion layer. Thus, an action for promoting exfoliation in 
the separation layer takes place. 
[0043] Amorphous silicon containing 10 atomic % or 
more of hydrogen (H) may also be used. 
[0044] An increase in percentage content of hydrogen 
increases the degree of action for promoting exfoliation 
in the separation layer. 

[0045] As another Kind of material for the first separa- 
tion layer and/or second separation layer in which exfo- 
liation is made to occur by irradiation with light, silicon 
nitride may be used. 

[0046] Further, as another kind of material for the first 
separation layer and/or second separation layer in 
which exfoliation is made to occur by irradiation with 
light, a hydrogen-containing alloy may be used. 
[0047] Where a hydrogen-containing alloy is used as 
a material for the separation layer, irradiation with light 
causes release of hydrogen, thereby promoting exfolia- 
tion in the separation layer. 

[0048] Still further, as another kind of material of the 
first separation layer and/or second separation layer in 
which exfoliation is made to occur by irradiation with 
light, nitrogen-contained alloy may be used. 
[0049] Where a nitrogen-containing alloy is used as a 
material of the separation layer, irradiation with light 
causes release of nitrogen, thereby promoting exfolia- 
tion in the separation layer. 

[0050] The separation layer may be a single-layer film 
or a multi-layer film which comprises an amorphous sil- 
icon layer and a metallic layer formed thereon. 
[0051] As another kind of material of the first separa- 
tion layer and/or second separation layer in which exfo- 
liation is made to occur by irradiation with light, any 
material including at least one of the following compo- 
nents may be used; ceramic, metal, and high polymer. 
[0052] These substances are indicated here as repre- 
sentative groups that are applicable in practice as the 
first separation layer and/or second separation layer in 
which exfoliation is made to occur by irradiation with 
light. For example, a hydrogen-containing alloy or nitro- 
gen-containing alloy may be selected from the group of 
metallic materials. In the case where a hydrogen-con- 
taining alloy or nitrogen-containing alloy is used, exfolia- 
tion in the separation layer is promoted by release of 
hydrogen gas or nitrogen gas due to irradiation with light 
similar to amorphous silicon. 

[0053] The light used in the irradiation step is prefera- 
bly a laser beam. 

[0054] A laser beam has a coherent property, and is 
suitable for causing exfoliation in the first separation 



layer and/or second separation layer. 

[0055] It is possible to use a laser beam having a 

wavelength of 100 nm to 350 nm. 

[0056] The use of laser energy light having a short 

5 wavelength enables efficient exfoliation in the first sepa- 
ration layer and/or second separation layer. 
[0057] As an example of a laser beam meeting the 
requirement mentioned above, excimer laser is prefera- 
ble. An excimer laser is a kind of gas laser which is 

10 capable of outputting a high-energy laser beam having 
a short wavelength in the ultraviolet region. A combina- 
tion of rare gas (Ar, Kr, Xe) and halogen gas (F 2 , HCI) is 
used as a laser medium to produce laser beam energy 
at each of four wavelengths (XeF = 351 nm, XeCI = 308 

is nm, Krf = 248 nm, ArF =193 nm). 

[0058] In the first separation layer and/or second sep- 
aration layer, irradiation with an excimer laser causes 
direct disconnection of molecular bonding, gaseous 
evaporation, etc. without a thermal effect. 

20 [0059] A laser wavelength ranging from 350 nm to 
1200 nm may be adopted. 

[0060] For inducing separation by such a phase 
change action as release of gas, vaporization or subli- 
mation in the first separation layer and/or second sepa- 
25 ration layer, a laser beam having a wavelength of 350 
nm to 1200 nm is applicable. 

[0061] The thin film device mentioned above may be 
thin film transistor (TFT). Thus, high-performance TFT 
can be transferred (formed) arbitrarily onto a desired 

30 kind of secondary destination-of-transfer part. In this 
manner, a variety of electronic circuits can be mounted 
on the destination-of-transfer part. 
[0062] The transfer process according to the present 
invention may be carried out repetitively on the second- 

35 ary destination-of-transfer part which is larger than each 
substrate mentioned above. Thus, a plurality of object- 
or-transfer layers can be transferred to the secondary 
destination-of-transfer part. 

[0063] A large-sized circuit panel comprising highly 
40 reliable thin film devices can be produced by carrying 
out thin film device pattern transference a plural number 
of times using a highly reliable substrate repetitively or 
using a plurality of substrates. 

[0064] By carrying out the transfer process of the 
45 present invention repetitively on the secondary destina- 
tion-of-transfer part which is larger than the abovemen- 
tioned substrate, a plurality of object-of-transfer layers, 
each having different design rule levels, may be trans- 
ferred to the secondary destination-of-transfer part in a 
so single-sheet form. 

[0065] For instance, where a plurality of circuits of dif- 
ferent kinds (including functional blocks) are to be 
mounted on a single substrate, elements and wiring 
lines in these circuits may differ in size (i.e. so called 
55 design rule) according to the required characteristics. In 
such a case, by carrying out transference of each circuit 
using the transfer method of the present invention, a 
plurality of circuits, each having different design rule lev- 
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els. can be formed on the secondary destination-of- 
transfer part in a single-sheet form. 
[0066] Using the transfer method of the present inven- 
tion, thin film devices or thin film integrated circuit 
devices may be configured on the secondary destina- 5 
tion-of-transfer part through transfer processing. For 
example, a single-chip microcomputer comprising thin 
film transistor (TFT) can be mounted on a synthetic 
resin substrate. 

[0067] According to the present invention, it is possi- 
ble to form an active matrix board comprising a pixel 
portion which includes thin film transistors (TFTs) 
arranged in a matrix and pixel electrodes connected 
with respective ends of the thin film transistors, wherein 
the method defined in any one of claims 1 to 16 is used 
in transferring the thin film transistors of the pixel portion 
for fabrication of the active matrix board. In this case, 
using the transfer method of the present invention, the 
thin fflm transistors for the pixel portion are transferred 
to the secondary destination -of -transfer part to produce 
an active matrix board Thus, since an arbitrary kind of 
substrate (secondary destination-of-transfer part) is 
selectable without consideration of restrictive manufac- 
turing process conditions, a novel type of active matrix 
board may be realized 

[00S8] According to the present invention, it is possi- 
ble to produce an active matrix board which comprises 
thin fOm transistors serving as the pixel portion corre- 
sponding to a first design rule level and thin film transis- 
tors serving as driver circuits corresponding to a second 
design rule level. Both the pixel portion and driver cir- 
cuits can thus be mounted on the active matrix board. 
However, the design rule levels of the pixel portion and 
driver circuits differ from each other. For example, a 
degree of circuit integration can be increased by forming 
a driver circuit thin film pattern using mono-crystal sili- 
con transistor fabrication equipment, for example. 
[00S9] Through use of the technique mentioned 
above, a liquid crystal display device can be manufac- 
tured. For example, it is possible to realize a liquid crys- 
tal display comprising a plastic substrate, which can be 
curved flexibly. 

[0070] Using the transfer method of the present inven- 
tion, an electronic apparatus having thin film devices 
transferred to a secondary destination-of-transfer part 
may be produced. In this application of the present 
invention, as the secondary destination-of-transfer part, 
a casing part of the apparatus may be adapted so that 
the thin film devices will be transferred on at least either 
the inside or the outside of the casing part. 
[0071] According to another aspect of the present 
invention, there is provided a thin film device transfer 
method, comprising: 

a first step of forming a first separation layer on a 
substrate; 

a second step of forming an object-of -transfer layer 
containing a thin film device on the first separation 



layer; 

a third step of removing the substrate from the 
object-of-transfer layer using the first separation 
layer as a boundary; and 

a fourth step of attaching a destination-of-transfer 
part to the bottom of the object-of-transfer layer, 
whereby the object-of-transfer layer containing the 
thin film device is transferred to the destination-of- 
transfer part.. 

[0072] In the manner mentioned above, transference 
of the object-of-transfer layer can accomplished using 
the separation layer and the destination-of-transfer part 
instead of combined use of first and second separation 
layers and primary and secondary destination-of-trans- 
fer parts. This method is practicable if the object-of- 
transfer layer itself has a shape retaining property. 
Because, under the condition where the object-of-trans- 
fer layer is capable of retaining a shape thereof, it is not 
required to support the object-of-transfer layer with the 
primary destination-of-transfer part. In this case, the 
object-of-transfer layer may be provided with a reinforc- 
ing layer as well as a thin film device layer. 



25 BRIEF DESCRIPTION OF THE DRAWINGS 
[0073] 

Figure 1 is a sectional view showing a first step in a 
30 first embodiment of a thin film device transfer 
method according to the present invention; 
Figure 2 is a sectional view showing a second step 
in the first embodiment of the thin film device trans- 
fer method according to the present invention; 
35 Figure 3 is a sectional view showing a third step in 
the first embodiment of the thin film device transfer 
method according to the present invention; 
Figure 4 is a sectional view showing a fourth step of 
the first embodiment of the thin film device transfer 
40 method according to the present invention; 

Figure 5 is a sectional view showing a fifth step in 
the first embodiment of the thin film device transfer 
method according to the present invention; 
Figure 6 is a sectional view showing a sixth step in 
45 the first embodiment of the thin film device transfer 
method according to the present invention; 
Figure 7 is a sectional view showing a seventh step 
in the first embodiment of the thin film device trans- 
fer method according to the present invention; 
50 Figure 8 is a sectional view showing an eighth step 
in the first embodiment of the thin film device trans- 
fer method according to the present invention; 
Figure 9 is a sectional view showing a ninth step in 
the first embodiment of the thin film device transfer 
55 method according to the present invention; 

Figure 10 is a graph showing variations in transmit- 
tance of laser wavelength to a first substrate (sub- 
strate 100 indicated in Figure 1); 
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Figure 1 1 is a sectional view showing a first step in 
a second embodiment of the thin film device trans- 
fer method according to the present invention; 
Figure 12 is a sectional view showing a second step 
in the second embodiment of the thin film device 5 
transfer method according to the present invention; 
Figure 13 is a sectional view showing a third step in 
the second embodiment of the thin film device 
transfer method according to the present invention; 
Figure 1 4 is a sectional view showing a fourth step 10 
in the second embodiment of the thin film device 
transfer method according to the present invention; 
Figure 15 is a sectional view showing a fifth step in 
the second embodiment of the thin film device 
transfer method according to the present invention; is 
Figure 16 is a sectional view showing a sixth step in 
the second embodiment of the thin film device 
transfer method according to the present invention; 
Figure 17 is a sectional view showing a seventh 
step in the second embodiment of the thin film so 
device transfer method according to the present 
invention; 

Figure 18 is a sectional view showing an eighth 
step in the second embodiment of the thin film 
device transfer method according to the present 25 
invention; 

FIG 19 is a sectional view showing a ninth step in 
the second embodiment of the thin film device 
transfer method according to the present invention; 
Figure 20 is a sectional view showing a tenth step in 30 
the second embodiment of the thin film device 
transfer method according to the present invention; 
Figure 21 is a sectional view showing an eleventh 
step in the second embodiment of the thin film 
device transfer method according to the present 35 
invention; 

Figure 22 is a sectional view showing a twelfth step 
in the second embodiment of the thin film device 
transfer method according to the present invention; 
Figure 23 is a sectional view showing a thirteenth 40 
step in the second embodiment of the thin film 
device transfer method according to the present 
invention; 

Figure 24 is a sectional view showing a fourteenth 
step in the second embodiment of the thin film 4$ 
device transfer method according to the present 
invention; 

Figures 25A and 25B are perspective views show- 
ing a microcomputer fabricated in a third embodi- 
ment of the present invention; so 
Figure 26 is an explanatory diagram showing a 
structure of a liquid crystal display device in a fourth 
embodiment of the present invention; 
Figure 27 is a sectional structure diagram showing 
main part of the liquid crystal display indicated in 55 
Figure 26; 

Figure 28 is a circuit scheme for explanation of 
main part of the liquid crystal display indicated in 



Figure 26; 

Figure 29 is a sectional device diagram showing a 
first step in a method of fabricating an active matrix 
board according to the present invention; 
Figure 30 is a sectional device diagram showing a 
second step in the method of fabricating the active 
matrix board according to the present invention; 
Figure 31 is a sectional device diagram showing a 
third step in the method of fabricating the active 
matrix board according to the present invention; 
Figure 32 is a sectional device diagram showing a 
fourth step in the method of fabricating the active 
matrix board according to the present invention; 
Figure 33 is a sectional device diagram showing a 
fifth step in the method of fabricating the active 
matrix board according to the present invention; 
Figure 34 is a sectional device diagram showing a 
fifth step in the method of fabricating the active 
matrix board according to the present invention; 
Figure 35 is an explanatory diagram showing a fifth 
embodiment of the thin film device transfer method 
according to the present invention; 
Figure 36 is an explanatory diagram showing a 
sixth embodiment of the thin film device transfer 
method according to the present invention; 
Figure 37 is an explanatory diagram showing a first 
light irradiation step in a seventh embodiment of the 
thin film device transfer method according to the 
present invention; and 

Figure 38 is an explanatory diagram showing a sec- 
ond light irradiation step in the seventh embodiment 
of the thin film device transfer method according to 
the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0074] The present invention will now be described in 
detail by way of example with reference to the accompa- 
nying drawings. 

(First Embodiment) 

[0075] Figures 1 to 9 are diagrammatic illustrations for 
explaining a first embodiment (thin film device transfer 
method) according to the present invention. 

[Step 1] 

[0076] As shown in Figure 1 , a first separation layer 
(light absorbing layer) 120 is formed on a substrate 100. 
The following describes the substrate 100 and the first 
separation layer 120. 

(1) Description of Substrate 100 

[0077] The substrate 100 preferably has a property 
that allows transmission of light therethrough. Transmit- 
tance of light passing though the substrate 100 is pref- 
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erably 10% or higher, and more preferably 50% or 
higher. If the transmittance is too low, attenuation (loss) 
of light increases to make it necessary to apply a larger 
amount of light for exfoliating the first separation layer. 
[0078] Further, the substrate 100 is preferably made s 
of a highly reliable material. More particularly, it is pref- 
erable that the substrate 100 be made of a heat-resist- 
ing material. The reason for this requirement is as 
follows: For instance, in the formation of an object-of- 
transfer layer 140 or an intermediate layer 142 to be io 
described later, the process temperature may be 
increased (e.g., approx. 350 to 1000°C) depending on 
the kind of layer or method of formation. Even in such a 
case, if the substrate 100 is resistant to heat, it is possi- 
ble to widen a setup range of film forming conditions is 
such as the temperature in the formation of the object- 
of-transfer layer 140 on the substrate 100. 
[0079] Therefore, assuming that the maximum tem- 
perature in the formation of the object-of-transfer layer 
140 is T max , the substrate 100 is preferably made of a 20 
material having a distortion point higher than the T max . 
To be more specif ic, the distortion point of the material 
of the substrate 100 is preferably 350°C or higher, and 
more preferably 500°C or higher. For example, quartz 
glass and heat-resisting glass sold under the trade 25 
names Corning 7059 and Nihon Denki Glass OA-2 are 
included in this kind of material. 
[0080] Although the thickness of the substrate 100 is 
not limited in particular, it is preferably approx. 0.1 to 5.0 
mm and more preferably approx. 0.5 to 1 .5 mm in com- 30 
mon application. If the substrate 100 is too thin, the 
strength thereof is decreased. On the contrary, if the 
substrate 100 is too thick, the transmittance thereof is 
decreased to make significant attenuation of light prone 
to occur. In the case where the substrate 100 has rela- 35 
tively high transmittance, the thickness thereof may 
exceed the limit value indicated above. In addition, the 
substrate 100 preferably has a uniform thickness so that 
irradiation with light will be applied evenly. 

40 

(2) Description of First Separation Layer 120 

[0081] The first separation layer 120 has a property 
whereby light irradiation is absorbed to cause exfoliation 
in an inner-layer part and/or interface thereof (hereinaf- 45 
ter referred to as "inner-layer exfoliation" or "interface 
exfoliation"). The first separation layer 120 is preferably 
made of such a material that interatomic or intermolecu- 
lar bonding strength of component substances thereof 
will be eliminated or reduced by irradiation with light, so 
causing inner-layer exfoliation and/or interface exfolia- 
tion through abrasion. 

[0082] Further, by irradiation with light, gas may be 
released from the first separation layer 120 to develop a 
separation effect. Namely, components contained in the 55 
first separation layer 120 may be released as gas, or 
light absorption by the first separation layer 120 may 
change its components into gas momentarily to release 



vapor thereof, contributing to separation. For example, 
the following substances A to E are applicable as com- 
ponents of the first separation layer 120: 

A. Amorphous silicon (a-Si): 

Amorphous silicon may contain hydrogen (H). 
In this case, the content of hydrogen (H) is prefera- 
bly approx. 2 atomic % or more, and more prefera- 
bly approx. 2 to 20 atomic %. Where amorphous 
silicon contains hydrogen (H) as indicated above, 
irradiation with light causes release of hydrogen, 
thereby producing internal pressure in the first sep- 
aration layer 120. The internal pressure thus pro- 
duced acts as a force for exfoliation on the top and 
bottom surfaces of the first separation layer 120. 
The quantity of hydrogen (H) contained in amor- 
phous silicon can be properly adjusted by changing 
film forming conditions such as CVD gas composi- 
tion, gas pressure, gas atmosphere, gas flow rate, 
temperature, substrate temperature, and input 
power. 

B. Ceramic oxide, dielectric (ferroelectric) or semi- 
conductor substances containing various oxides 
such as silicon oxide or silicon oxide compound, 
titanium oxide or titanium oxide compound, zirco- 
nium oxide or zirconium oxide compound, and lan- 
thanum oxide or lanthanum oxide compound: 

Silicon oxide substances include SiO. Si0 2 and 
Si 3 0 2 , and silicon oxide compounds include 
K 2 Si0 3 . Li 2 Si0 3 . CaSi0 3 , ZrSi0 4 and Na 2 Si0 3 , for 
example. 

Titanium oxide substances include TiO, Ti 2 0 3 
and Tr0 2 , and titanium oxide compounds include 
BaTi0 4 . BaTi0 3 , Ba 2 Ti 9 O20. BaTi 5 0 11f CaTi0 3 , 
SrTi0 3 , PbTi0 3 , MgTiOg, ZrTi0 2 , SnTi0 4 , AI 2 Ti0 5 
and FeT10 3> for example. 

Zirconium oxide substances include Zr0 2 , and 
zirconium oxide compounds include BaZr0 3 , 
ZrSi0 4 , PbZr0 3 , MgZr0 3 and K 2 Zr0 3 , for example. 

C. Ceramic or dielectric (ferroelectric) substances 
such as PZT, PLZT, PLLZT and PBZT: 

D. Ceramic nitride substances such as silicon 
nitride, aluminum nitride and titanium nitride: 

E. Organic high polymer materials: 

Organic high polymer materials having such 
bondings as -CH-, -CO- (ketone), -CONH- (amde), 
-NH- (imide), -COO- (ester), -N=N- (azo) and - 
CH«N- (cis) (bondings disconnectable by irradia- 
tion with light) are applicable. In particular, any 
organic high polymer material having a multiplicity 
of these bondings may be used. Further, organic 
high polymer materials which have a chemical com- 
position including aromatic hydrocarbon (one or 
more benzene rings or condensed rings thereof) 
may be used. 

Listed below are concrete examples of these 
kinds of organic high polymer materials; polyolefine 
such as polyethylene and polypropylene, polyimide, 
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polyamide, polyester, polymethylmethacrylate 
(PMMA), polyphenylene sulfide (PPS), polyether- 
sulphone (PES), epoxy resin, etc. 
F. Metals: 

For example, the following metallic substances 
are applicable; Al, Li, Ti. Mn, In, Sn, Y, La, Ce, Nd, 
Pr, Gd, Sm, and any alloy containing at least one of 
these metals. 

[0083] Though depending on the exfoliation condi- 
tions, composition and structure of the first separation 
layer 120, layer forming method and other conditions, 
the thickness of the first separation layer 120 in com- 
mon application is preferably approx. 1 nm to 20 
more preferably approx. 10 nm to 2 ^im, and most pref- 
erably approx. 40 nm to 1 jim. If the first separation layer 
120 is too thin, uniformity in film formation may be 
impaired to cause un evenness in exfoliation. On the 
contrary, if the first separation layer 120 is too thick, the 
power (amount) of light must be increased to ensure 
satisfactory exfoliation thereof. In this case, when the 
first separation layer 120 is later removed, more time 
may also be required for removal. It is preferable that the 
thickness of the first separation layer 120 be uniform 
insofar as possible. 

[0084] A method of forming the first separation layer 
120 is not specified in particular, and it is properly 
selectable according to the conditions such as film for- 
mation, film thickness. For example, the following meth- 
ods are applicable; vapor-phase film formation methods 
such as CVD (including MOCVD, low-pressure CVD, 
ECR-CVD), evaporation, molecular beam evaporation 
(MB), sputtering, ion plating and PVD, plating methods 
such as electroplating, immersion plating (dipping) and 
electroless plating, Langmuir-Blodgett (LB) method, 
coat application methods such as spin coating, spray 
coating and roll coating, printing method, transfer 
method, ink jet method, powder jet method, etc. Two or 
more of these methods may be combined for film forma- 
tion. 

[0085] In the case where the first separation layer 1 20 
is made of amorphous silicon (a-Si). it is preferred that 
film formation be carried out using a CVD method, in 
particular, as low-pressure CVD or plasma CVD. 
[0086] When the first separation layer 120 is made of 
ceramic using a sol-gel method or made of an organic 
high polymer material, it is preferred that film formation 
be carried out using a coat application method such as 
spin coating. 

[Step 2] 



indicated in this figure, the thin film device layer 140 is 
structured to include TFTs (thin film transistors) formed 
on an Si0 2 film (intermediate layer) 142, for example. 
The TFT comprises a source-drain layer 146 formed by 

s introducing an n-type impurity into a polysilicon layer, a 
channel layer 144, a gate insulation film 148, a gate 
electrode 150, an inter-layer insulation film 154, and an 
electrode 152 made of a material such as aluminum. 
[0089] In the present preferred embodiment, the Si0 2 

10 film is used as an intermediate layer arranged in contact 
with the first separation layer 120. Instead, other kinds 
of insulation films such as Si 3 N 4 may be used. The 
thickness of the Si0 2 film (intermediate layer) may be 
properly determined according to the purposes of for- 

75 mation and degree of functional performance to be 
achieved. In common application, this is preferably 
approx. 10 nm to 5 nm, and more preferably approx. 40 
nm to 1 The intermediate layer is formed for various 
purposes, e.g., it is provided to serve as at least any one 

20 of the following layers; a protective layer for physically or 
chemically protecting the object-of-transfer layer 140, 
an insulation layer, a conductive layer, a laser shielding 
layer, a barrier layer for preventing migration, and a 
reflective layer. 

25 [0090] In some cases, the intermediate layer such as 
Si0 2 film may not be provided and the object-of-transfer 
layer (thin film device layer) 140 may be formed directly 
on the first separation layer 120. 
[0091] The object-of-transfer layer (thin film device 

30 layer) 140 is formed as a layer containing thin film 
devices such as TFTs as shown on the right of Figure 2. 
[0092] Besides TFTs, the thin film devices include; 
thin film diodes, photoelectric transfer component com- 
prising silicon PIN junction (photosensors, solar cells), 

35 silicon resistor element, other thin film semiconductor 
devices, electrodes (e.g., ITO, transparent electrodes 
such as mesa films), switching element, memory, actu- 
ators such as piezoelectic devices, micro mirrors (piezo- 
electric thin film ceramics), magnetic recording thin film 

40 head, coils, inductors, thin film highly-permeable mate- 
rial and micro magnetic devices comprising a combina- 
tion thereof, filter, reflection films, dichroic mirrors, etc. 
In addition to these examples, a variety of thin film 
devices are applicable unless departing from the con- 

45 cept of the present invention. 

[0093] It is common practice to form these thin film 
devices through a step for a film formation method using 
a relatively high temperature. In such a case, the sub- 
strate 100 must therefore have high reliability to with- 

50 stand a high steping temperature, as mentioned in the 
foregoing description. 



[0087] After completion of the step 1, an object-of- 
transfer layer (thin film device layer) 140 is formed on 
the first separation layer 120 as shown in Figure 2. 55 
[0088] Illustrated on the right side of Figure 2 is an 
enlarged sectional view of a part K of the thin film device 
layer 140 (enclosed by the chain line in Figure 2). As 



[Step 3] 

[0094] Then, referring to Figure 3. a hot-melt adhesive 
layer 160 is formed as a second separation layer on the 
thin film device layer 140, for example. Instead of the 
hot-melt adhesive layer 160, a water-soluble adhesive 
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material or an adhesive material fusible to a specific 
organic solvent may be used. Further, the second sepa- 
ration layer may be formed to provide an abrasion layer 
as in the case of the first separation layer. 
[0095] As an example of a material for the hot-melt 5 
adhesive layer 160, electron wax such as "Proof Wax" 
(trade name) may be used for minimizing possible con- 
tamination with impurities (sodium, potassium, etc.) on 
the thin film devices. 

10 

[Step 4] 

[0096] Then, as shown in Figure 3, a primary destina- 
tion-of-transfer part 180 is attached onto the hot-melt 
adhesive layer 160 which is the second separation 75 
layer. Since the primary destination-of-transfer part 180 
is attached after fabrication of the thin film device layer 
140, restrictive conditions such as a process tempera- 
ture level required for fabrication of the thin film device 
layer 140 are not imposed. The primary destination-of- 20 
transfer part 180 must merely have a shape retaining 
property at ordinary temperatures. In the present pre- 
ferred embodiment, a relatively inexpensive material 
having a shape retaining property such as a glass sub- 
strate material or synthetic resin material is employed. 25 
For the primary destination-of-transfer part 180. the 
same material as for a secondary destination-of-trans- 
fer part 200 may be used . 

[Step 5] 30 

[0097] As shown in Figure 4, the back side of the sub- 
strate 100 is irradiated with light. 
[0098] After passing through the substrate 100, the 
light is applied to the first separation layer 120. This 35 
causes inner-layer exfoliation and/or interface exfolia- 
tion in the first separation layer 120, reducing or elimi- 
nating the bonding strength thereof. 
[0099] ft is presumed that occurrence of inner-layer 
exfoliation and/or interface exfoliation in the first separa- 40 
tion layer 120 is due to the following phenomena; abra- 
sion in a component material of the first separation layer 
120, release of gas contained in the first separation 
layer 120 and fusion induced immediately after irradia- 
tion, and phase change such as transpiration. 45 
[0100] The phenomenon of abrasion mentioned here 
means a condition whereby a fixative (component mate- 
rial of the first separation layer 120) is photochemically 
or thermally excited by absorbing light so that the bond- 
ings of atoms or molecules on the surface of the first 
separation layer 120 or in the inside thereof are discon- 
nected to cause release of atoms or molecules. In most 
cases, a change of phase such as fusion or transpira- 
tion (vaporization) takes place entirely or partially in the 
component material of the first separation layer 120. 
Further, such a change of phase may cause a micro- 
foaming state to decrease the bonding strength. 
[0101] Whether inner-layer exfoliation, interface folia- 



tion or both of them occur in the first separation layer 
120 depends on the composition of the first separation 
layer 120 and other various causes. Included in these 
causes are such conditions as kind, wavelength, inten- 
sity and penetration depth of light applied for irradiation. 
[01 02] Any kind of light is applicable for irradiation as 
long as it can cause inner-layer exfoliation and/or inter- 
face exfoliation in the first separation layer 120. For 
example, the following kinds of light may be used; X 
rays, ultraviolet rays, visible rays, infrared rays (heat 
rays), laser, milli waves, microwaves, electron beam, 
and radioactive rays (alpha rays, beta rays, gamma 
rays). Among them, the laser is advantageous in that it 
can cause exfoliation (abrasion) readily in the first sepa- 
ration layer 120. 

[01 03] There are various kinds of gas laser equipment 
and solid-state laser (semiconductor laser) equipment 
which may be used for generating laser beams for irra- 
diation. An excimer laser, Nd-YAG laser, Ar laser, C0 2 
laser, CO laser and He-Ne laser are suitable, and, of 
these, the excimer laser is particularly preferable. 
[01 04] Since the excimer laser is capable of outputting 
high energy in the short wavelength range, it can cause 
abrasion in the first separation layer 120 in a fraction of 
time, ft is therefore possible to exfoliate the first separa- 
tion layer 120 while scarcely increasing the temperature 
of the destination-of-transfer part 180 and the substrate 
100, i.e., without incurring deterioration or damage ther- 
eon. 

[01 05] Further, in the case where the first separation 
layer 1 20 is dependent on the light wavelength for abra- 
sion to occur, the wavelength of the laser to be applied 
for irradiation is preferably approx. 100 nm to 350 nm. 
[01 06] Figure 1 0 shows an example of transmittance 
of light wavelength to the substrate 100. As exemplified 
in this figure, transmittance increases abruptly at a 
wavelength of 300 nm. In such a case, light having a 
wavelength of 300 nm or more (e.g., an Xe-CI excimer 
laser beam having a wavelength of 308 nm) is applied 
for irradiation. 

[01 07] When release of gas, vaporization, sublimation 
or any other change of phase is made to occur in the 
first separation layer 120 for exfoliation, the wavelength 
of the laser beam applied for irradiation is preferably 
approx. 350 to 1 200 nm. 

[0108] Further, the energy density of the laser beam 
applied for irradiation, in the case of an excimer laser in 
particular, is preferably approx. 10 to 5000 mJ/cm 2 and 
more preferably approx. 100 to 500 mJ/cm 2 . The irradi- 
ation time is preferably approx. 1 to 1 000 nsec and more 
preferably approx. 10 to 100 nsec. If the energy density 
is too low or the irradiation time is too short, abrasion 
does not occur to a sufficient extent. On the contrary, if 
the energy density is too high or the irradiation time is 
too long, the laser beam passing through the first sepa- 
ration layer 120 may have an adverse effect on the 
object-of -transfer layer 140. 

[01 09] To prevent an adverse effect from the light pen- 



10 



3CID: <EP 0924769A1_L 



19 



EP 0 924 769 A1 



20 



etrating to the object-of-transfer layer 140 through the 
first separation layer 120, a method of forming a film 
made of metal such as tantalum (Ta) on the first separa- 
tion layer 120 (laser absorbing layer) may be employed 
for example. Thus, the laser beam passing through the 5 
first separation layer 120 is completely reflected by a 
metallic film 1 24 serving as an interface, thereby avoid- 
ing an adverse effect on the thin film device layer cov- 
ered therewith. There may also be provided an 
arrangement whereby an amorphous silicon layer for 10 
absorbing laser beams is formed on the first separation 
layer 120 via a silicon intervention layer made of a sub- 
stance, such as Si0 2 . Thus, laser beams transmitted 
though the first separation layer 120 are absorbed by 
the amorphous silicon layer formed thereon. Note, how- y 5 
ever, that the transmitted laser does not have a level of 
light energy as sufficient to cause abrasion in the amor- 
phous silicon layer. Unlike a metallic layer, the amor- 
phous silicon layer allows formation of a thin film device 
layer thereon. It is therefore possible to form a high- 20 
quality thin film device layer using an already estab- 
lished thin film forming technique. 
[0110] Light for irradiation, represented by laser 
beams, is preferably applied so that its intensity will be 
uniform. The irradiating direction of the light may be per- 25 
pendicular to the first separation layer 120 or inclined at 
a predetermined angle thereto. 
[0111] If the area of the first separation layer 120 is 
larger than the irradiation spot by a single light irradia- 
tion, the light beam may be applied a plural number of 30 
times to cover the entire region of the first separation 
layer 120. The light beam may also be applied twice or 
more to a certain point. Further, different kinds of light 
(laser) having different wavelengths (different wave- 
length ranges) may be applied twice or more to a certain 35 
region or different regions. 

[0112] After the abovementioned step, the substrate 
100 is removed from the first separation layer by apply- 
ing a force on the substrate 100 as shown in Figure 5. In 
removal of the substrate 1 00, a part of the first separa- 40 
tion layer 120 may adhere thereto, though not shown in 
Figure 5. 

[Step 6] 

45 

[01 1 3] Then, as shown in Figure 6, the remaining first 
separation layer 120 is removed by cleaning, etching, 
ashing, polishing, or a combination thereof, for example. 
The object-of-transfer layer (thin film device layer) 140 is 
thus transferred to the primary destination-of -transfer so 
part 1 80. 

[0114] If a part of the first separation layer 120 
adheres to the removed substrate 100, it is eliminated in 
the same manner as mentioned above. In a situation 
where the substrate 1 00 is made of an expensive mate- ss 
rial such as quartz glass or any scarce material, the 
substrate 100 is preferably reused (recycled). Since the 
present invention is applicable to recycling the substrate 



100, it can provide a high degree of usefulness. 
[Step 7] 

[01 1 5] Then, as shown in Figure 7, a secondary des- 
tination-of-transfer part 200 is attached to the bottom 
(exposed side) of the thin film device layer 140 via an 
adhesive layer 190. 

[01 1 6] Examples of suitable adhesive materials for the 
adhesive layer 190 include a variety of hardening-type 
adhesives such as reaction-setting adhesive, thermo- 
setting adhesive, photo-curable adhesive such as ultra- 
violet-curable adhesive, and anaerobic-setting adhe- 
sive. The adhesive material of the adhesive layer 190 
may contain epoxy, acrylate, silicone or any other kinds 
of substances. The adhesive layer 190 made of such a 
material is formed by a coating method, for example. 
[01 1 7] Where any hardening-type adhesive is used, it 
is applied to the bottom of the object-of-transfer layer 
(thin film device layer) 140 and the secondary destina- 
tion -of -transfer part 200 is attached there to. Then, the 
hardening-type adhesive is hardened using a setting 
method suitable for the characteristics thereof. The sec- 
ondary destination-of-transfer part 200 is thus secured 
to the object-of-transfer layer (thin film device layer) 140. 
[01 18] In the case where a photo-curable adhesive is 
used, it is preferable to apply light through the second- 
ary destination-of-transfer part 200 which transmits 
light. Where a photo-curable adhesive such as an ultra- 
violet-curable adhesive having little adverse effect on 
the thin film device layer is used, fight may be applied 
through the light transmitting primary destination-of- 
transfer part 180 or though both sides of the light trans- 
mitting primary and secondary destination-of-transfer 
parts 180 and 200. 

[01 1 9] In an arrangement differing from that shown in 
Figure 7, the adhesive layer 190 may be formed on the 
secondary destination-of-transfer part 200 and the 
object-of-transfer layer (thin film device layer) 140 may 
be attached there to. In the case where the secondary 
destination-of-transfer part 200 has adhesive proper- 
ties, formation of the adhesive layer 190 may be omit- 
ted. 

[01 20] As a material for the secondary destination-of- 
transfer part 200. a transparent substrate (sheet mate- 
rial) is applicable, though not limited thereto. The sub- 
strate may be a flat sheet or a curved sheet. Further, the 
secondary destination-of-transfer part 200 may be infe- 
rior to the substrate 100 in such characteristics as heat 
resistance and corrosion resistance. In the present 
invention, since the object-of-transfer layer (thin film 
device layer) 140 is formed on the substrate 100 side 
and then the object-of-transfer layer (thin film device 
layer) 140 is transferred to the secondary destination-of- 
transfer part 200. determination of characteristics 
required for the secondary destination-of-transfer part 
200, in particular, heat resistance property does not 
depend on the conditions such as temperature condi- 
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tion which is required for formation of the object-of- 
transfer layer (thin film device layer) 140. In this respect, 
the primary destination-of-transfer part 190 may be 
made of a similar material. 

[0121] Therefore, assuming that a maximum temper- 
ature in formation of the object-of-transfer layer 140 is 
T max , the primary and secondary destination-of-transfer 
parts 190 and 200 may be made of a material having a 
glass transition temperature (Tg) or softening point 
lower than the T max . For example, the primary and sec- 
ondary destination-of-transfer parts 190 and 200 may 
be made of a material having a glass transition temper- 
ature (Tg) or softening point that is preferably 800°C or 
lower, more preferably 500°C or lower, and most prefer- 
ably 320°C or lower. 

[0122] Further, as to mechanical characteristics, the 
primary and secondary destination-of-transfer parts 
190 and 200 preferably have a certain degree of rigidity 
(strength). The primary and secondary destination-of- 
transfer parts 190 and 200 may also have flexibility or 
elasticity. 

[0123] As materials of the primary and secondary 
destination-of-transfer parts 190 and 200, a variety of 
synthetic resin materials and glass materials are appli- 
cable. It is particularly preferable to use a synthetic resin 
material or an ordinary inexpensive glass material (hav- 
ing a low melting point). 

[0124] A thermoplastic synthetic resin material or a 
thermosetting synthetic resin material may be used. For 
example, the following synthetic resin materials are 
applicable; polyethylene, polypropylene, ethylene-pro- 
pylene copolymer, ethylene-vinyl acetate copolymer 
(EVA), other polyolefine resins, cyclic polyolef ine, modi- 
fied polyolefine, polyvinyl chloride, polyvinylidene chlo- 
ride, polystyrene, polyamide, polyimide, polyamide- 
imide, polycarbonate, poJy(4-methylbenzene-1), iono- 
mer, acrylic resin, polymethylmethacrylate, acryl-sty- 
lene copolymer (AS resin), butadiene-stylene 
copolymer, polyo copolymer (EVOH), polyethylene 
terephthalate (PET), polybutylene terephthalate (PBT), 
polycyclohexane terephthalate (PCT), other polyester 
resins, polyether, polyetherketone (PEK), poly- 
etheretherketone (PEEK), polyether imide, polyacetal 
(POM), polyphenylene oxide, modified polyphenylene 
oxide, polyalylate, aromatic polyester (liquid crystal pol- 
ymer), polytetrafluorothyline, polyvinylidenefluoride, 
other fluorine-contained resins, styrene, polyolefine, 
polyvinyl chloride, polyurethane, fluorine-contained rub- 
ber, chlorinated polyethylene, other thermoplastic elas- 
tomer resins, epoxy resin, phenol resin, urea resin, 
melamine resin, unsaturated polyester resin, silicone 
resin, polyurethane resin, copolymer made of these 
substances, blend resin, polymer alloy, etc. One or more 
kinds of materials listed above may be used in combina- 
tion (e.g.. as a layering structure containing a plurality of 
sub-layers). 

[0125] As examples of glass materials, the following 
are applicable; silica glass (quartz glass), silica alkaline 



glass, soda-lime glass, potash-lime glass, lead (alka- 
line) glass, barium glass, borosilicate glass, and the like. 
Except for silica glass, these glass materials have a rel- 
atively low melting point. Since these glass materials 

5 are relatively easy to form and process and relatively 
inexpensive, it is preferable to use them. 
[0126] In the case where the secondary destination- 
of-transfer part 200 is made of synthetic resin, it can be 
molded integrally in a large size. It is also easy to pro- 

io duce a curved resin sheet or a resin sheet having com- 
plex configurations such as concavity and convexity. 
Further, the cost of raw materials for synthetic resin and 
the cost of manufacturing synthetic resin are advanta- 
geously low. The use of synthetic resin is therefore 

75 advantageous in that a large-sized device (e.g., liquid 
crystal display) can be produced at low cost. 
[01 27] The secondary destination-of-transfer part 200 
may comprise an independent device such as a liquid 
crystal cell, or it may comprise a part of a device such 

20 as a color filter, electrode layer, dielectric layer, insula- 
tion layer or semiconductor element. 
[0128] Further, the primary and secondary destina- 
tion-of-transfer parts 190 and 200 may be made of a 
material such as metal, ceramic, stone, wood and 

25 paper. Still further, the primary and secondary destina- 
tion-of-transfer parts 190 and 200 may be mounted on 
the surface of any product (such as surface of a watch, 
air-conditioner, printed circuit board) or the surface of 
any building structure member such as a wall, pillar, 

30 ceiling or glass window. 

[Step 8] 

[01 29] Then, as shown in Figure 8, the hot-melt adhe- 
35 sive layer 160 serving as the second separation layer is 
heated for thermal melting. Since the adhesive strength 
of the hot-melt adhesive layer 160 is thus reduced, the 
primary destination-of-transfer part 180 can be removed 
from the thin film device layer 140. If a part of the hot- 
40 melt adhesive material adheres to the primary destina- 
tion-of-transfer part 180 is removed, the primary desti- 
nation-of-transfer part 180 can be recycled. 

[Step 9] 

45 

[01 30] Finally, the hot-mert adhesive layer 1 60 remain- 
ing on the thin film device layer 140 is removed. Thus, 
as shown in Figure 9, the thin film device layer 140 
transferred to the secondary destination-of-transfer 

so layer 200 can be attained. In this step, the layering rela- 
tionship between the thin film device layer 140 and the 
secondary destination-of-transfer part 200 same as that 
between the thin film device layer 1 40 and the substrate 
100 shown in Figure 2. 

55 [0131] Transference of the object-of-transfer layer 
(thin film device layer) 140 to the secondary destination- 
of-transfer part 200 is accomplished through the proc- 
esses mentioned above. Thereafter, an adjacent Si0 2 
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film may be removed from the object-of-transfer layer 
(thin film device layer) 1 40, or a conductive layer for wir- 
ing connections or any desired protective layer may be 
formed on the object-of-transfer layer 140. 
[0132] In the present invention, the object-of-transfer 5 
layer (thin film device layer) 1 40, which is an object to be 
removed, is not directly exfoliated but is transferred 
through use of the first and second separation layers 
120 and 160 in a separate manner to the secondary 
destination-of-transfer part 200. Therefore, regardless 10 
of its characteristics and conditions, separating object 
(the object-of-transfer layer 1 40) can be easily, securely 
and uniformly transferred. Since the separating object 
(object-of-transfer layer 140) is not damaged in separa- 
tion, high reliability thereof can be maintained. is 

(Second Embodiment) 

[0133] With reference to Figures 11 to 21 , the follow- 
ing describes a specific example of a fabrication proc- 20 
ess in which CMOS-structure TFT devices are formed 
on a substrate and transferred to a destination-of-trans- 
fer part 

(Stepl) 25 



of a material such as polyimide is formed. Using the 
gate electrode 150b and the mask layer 170 for the pur- 
pose of masking, ions (e.g., boron ions (B)) are 
implanted in a self-alignment fashion. Thus, p+ layers 
172a and 172b are formed. 

(Step 6) 

[01 39] As shown in Figure 1 6, a mask layer 1 74 made 
of a material such as polyimide is formed. Using the 
gate electrode 150a and the mask layer 174 for the pur- 
pose of masking, ions (e.g., phosphorus ions (P)) are 
implanted in a self-alignment fashion. Thus, n+ layers 
146a and 146b are formed. 

(Step 7) 

[01 40] As shown in Figure 1 7, an inter-layer insulation 
film 1 54 is formed, contact holes are opened selectively, 
and then electrodes 152a to 152d are formed. 
[0141] Thus, a layer of CMOS-structure TFTs is 
formed, which corresponds to the object-of-transfer 
layer (thin film device layer) 140 indicated in Figures 2 to 
9. In addition, a protective film can be formed on the 
inter-layer insulation film 154. 



20 



[0134] As shown in Figure 1 1 , a first separation layer 
(e.g., an amorphous silicon layer formed using the 
LPCVD method) 120, an intermediate layer (e.g., Si0 2 
film) 142, and an amorphous silicon layer (e.g., a layer 30 
formed using the LPCVD method) 143 are formed suc- 
cessively on a substrate (e.g., quartz substrate) 100. 
Then, the entire surface of the amorphous silicon layer 
143 is irradiated with a laser beam for annealing. The 
amorphous silicon layer 143 is thus recrystallized to 35 
become a polysilicon layer. 

(Step 2) 

[0135] Then, as shown in Figure 12, the laser- 40 
annealed polysilicon layer is patterned to provide 
islands 144a and 144b. 

(Step 3) 

45 

[0136] As shown in Figure 13, gate insulation films 
148a and 148b are formed to cover the islands 144a 
and 144b using a CVD method, for example. 

(Step 4) 50 

[0137] As shown in Figure 14, gate electrodes 150a 
and 150b made of polysilicon, metal or any other mate- 
rial are formed. 

55 

(Step 5) 



(Step 8) 

[0142] As shown in Figure 18, a hot-melt adhesive 
layer 160 serving as a second separation layer is 
formed on the CMOS-structure TFT layer. In this step, 
irregularities on the surface of the TFT layer are flat- 
tened by means of the hot-melt adhesive layer 160. The 
second separation layer may be formed to provide an 
abrasion layer as in the case of the f irst separation layer. 
[0143] In this step, it is preferable to form a protective 
layer such as an insulation layer on the TFT layer (thin 
film device layer) and then form the second separation 
layer on the protective layer. In particular, where the 
second separation layer is used as an abrasion layer, 
the thin film device layer can thus be protected by the 
protective layer at the time of abrasion. 
[0144] Further, in the case where the second separa- 
tion layer is formed to provide an abrasion layer, the 
second separation layer may be formed to contain a plu- 
rality of sub-layers as in the first separation layer. Still 
further, a light shielding layer such as metallic layer is 
preferably provided between the second separation 
layer and the thin film device layer. At the time of abra- 
sion, incidence of light on the thin film device layer can 
thus be prevented. 

[0145] After formation of the second separation layer, 
the TFT layer is attached to a primary destination-of- 
transfer part (e.g., soda-lime glass) 180 via a hot-melt 
adhesive layer 1 60 as the second separation layer. 



[01 38] As shown in Figure 1 5, a mask layer 1 70 made 
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[0146] As shown Figure 19, the back side of the sub- 
strate 100 is irradiated with Xe-CI excimer laser, for 
example. Thus, exfoliation is made to occur in an inner- 
layer part and/or interface of the first separation layer 
120. 

(Step 10) 

[0147] As shown in Figure 20, the substrate 100 is 
removed. 

(Step 11) 

[0148] Further, the first separation layer 120 is 
removed by etching. The CMOS-structure TFT layer is 
thus transferred to the primary destination-of-transfer 
part 180 as shown in Figure 21 . 

(Step 12) 

[0149] As shown in Figure 22, an epoxy resin layer 
1 90 is formed on the bottom of the CMOS-structure TFT 
layer as an adhesive layer having a hardening point 
lower than that of the hot-melt resin (adhesive) layer 
160. Then, the TFT layer is attached to a secondary 
destination-of-transfer part (e.g., soda glass substrate) 
200 via the epoxy resin layer 190. Thereafter, the epoxy 
resin layer 190 is hardened by applying heat thereto for 
bonding (attaching) the secondary destination-of-trans- 
fer part 200 and the TFT layer. 

(Step 13) 

[01 50] Then, as shown in Figure 23, the hot-melt resin 
layer 160 is thermally melted in an oven 210, for exam- 
ple. Using the hot-melt resin layer 160 as a boundary, 
the TFT layer is removed from the primary destination- 
of-transfer part 180. Further, the hot-melt resin layer 
160 remaining on the bottom of the TFT layer is 
removed using xylene, for example. Thus, as shown in 
Figure 24, the TFT layer is transferred to the secondary 
destination-of-transfer part 200. The state shown in Fig- 
ure 24 corresponds to that shown in Figure 17, the sub- 
strate 100 and the first separation layer 120 being 
replaced with the secondary destination-of-transfer part 
200 and the adhesive layer 1 90. Layering relationship of 
the TFT layer with respect to the substrate 100 
employed for TFT fabrication is thus maintained on the 
secondary destination-of-transfer part 200. Thus, the 
electrodes 152a to 152d are exposed, it is therefore 
possible to provide contacts or wiring connections ther- 
eon with ease. After attaining the state shown in Figure 
24, a protective layer may be formed on the surface 
thereof. 
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[0151] Using the technique described in the above- 
mentioned first and second embodiments, it is possible 

5 to form a microcomputer comprising thin film devices on 
a desired circuit board as shown in Figure 25A. 
[0152] In Figure 25A, a CPU 300 of which circuit is 
structured using thin film devices, a RAM 320, an 
input/output circuit 360 and a solar battery 340 having 

10 amorphous silicon PIN junctions for supplying a power 
voltage thereto are mounted on a flexible circuit board 
182 used as a secondary destination-of-transfer part 
made of a material such as plastic. 
[01 53] Since the microcomputer shown in Figure 25A 

75 is formed on the flexible board 1 82 used as the second- 
ary destination-of-transfer part, it may be curved as 
shown in Figure 25B. Flexible and light in weight, the 
microcomputer is invulnerable to dropping. Further, the 
plastic board 182 may be provided for common use as a 

20 casing part of an electronic apparatus. It is thus possible 
to manufacture an electronic apparatus comprising thin 
film devices transferred to, at least, either the inside or 
outside of the casing part thereof. 

25 (Fourth Embodiment) 



[0154] The following describes an example of a fabri- 
cation process in which an active matrix liquid crystal 
display comprising an active matrix board as shown in 
Figure 26 is manufactured using the thin film device 
transfer technique mentioned above. 



(Composition of Liquid Crystal Display) 

[0155] As shown in Figure 26, the active matrix liquid 
crystal display comprises an illumination source 400 
such as backlighting, a polarizing plate 420, an active 
matrix board 440, a liquid crystal part 460, a facing 
panel 480, and a polarizing piate 500. 
[01 56] Where each of the active matrix board 440 and 
the facing panel 480 in the present invention is formed 
of a flexible board like a plastic film, a reflection-type liq- 
uid crystal panel can be structured using a reflection 
plate instead of the illumination source 400. It is thus 
possible to realize an active matrix liquid crystal display 
panel which is flexible, resistant to shock, and light in 
weight. In the case where pixel electrodes are made of 
metal, the reflection plate and the polarizing plate 420 
are not required. 

[0157] The active matrix board 440 in the present 
embodiment is a driver-incorporated type which is pro- 
vided with TFT s on a pixel portion 442 and a driver por- 
tion 444 (including a scanning line driver and a data line 
driver). 

[0158] Figure 27 is a sectional structure diagram 
showing the main part of the active matrix liquid display 
panel, and Figure 28 is a circuit structure showing the 
main part thereof. 



<EP 0924769A1_I_> 



14 



27 



EP 0 924 769 At 



28 



[0159] As shown in Figure 28, the pixel part 442 
includes a TFT (M1) of which the gate is connected to a 
gate line G1, either one of the source or drain con- 
nected to a data line D1 , and the other one (source or 
drain) connected to the liquid crystal part 460. 5 
[0160] The driver portion 444 is structured to include 
a TFT (M2) formed through the same fabrication proc- 
ess as the TFT (M1). 

[0161] As shown on the left of Figure 27, the TFT (M1) 
in the pixel part 442 comprises source-drain layers 10 
1100a and 1100b, a channel I100e, a gate insulation 
film 1200a, a gate electrode 1300a. an insulation film 
1500, and source-drain electrodes 1400a and 1400b. 
[01 62] Reference numeral 1 700 indicates a pixel elec- 
trode, and reference numeral 1 702 indicates a region in 15 
which the pixel electrode 1700 applies a voltage to the 
liquid crystal part 460 (voltage applying region to the liq- 
uid crystal part). An orientation film is not shown in the 
figure. The pixel electrode 1 700 is formed of a material 
such as ITO (in case of a light transmission-type liquid 20 
crystal panel), or it is formed of aluminum or other metal 
(in case of a reflection-type liquid crystal panel). 
[0163] As shown on the right of Figure 27. the TFT 
(M2) constituting the driver portion 444 comprises 
source-drain layers 1 100c and 1 100d, a channel 1 100f, 25 
a gate insulation film 1200b, a gate electrode 1300b. an 
insulation fflm 1500. and source-drain electrodes 1400c 
and 1400d. 

[0164] In Figure 27, reference numeral 480 indicates 
a facing panel (e.g., soda glass substrate), reference 30 
numeral 482 indicates a common electrode, reference 
numeral 1000 indicates an Si0 2 film, reference numeral 
1600 indicates an inter-layer insulation film (e.g.. Si0 2 
film), reference numeral 1800 indicates an adhesive 
layer, and reference numeral 1900 indicates a soda 35 
glass substrate (destination-of-transfer part). 

(Uquid Crystal Display Fabrication Process) 

[0165] With reference to Figures 29 to 34, the follow- 40 
ing describes a fabrication process for the liquid crystal 
display shown in Figure 27. 

[0166] Through the same fabrication steps as those 
shown in Figures 11 to 21. TFTs (M1 and M2) are 
formed on a highly reliable substrate 3000 (e.g., quartz 45 
glass substrate) which allows passage of a laser beam, 
and a protective film 1600 is formed thereon. In Figure 
29, reference numeral 3100 indicates a first separation 
layer (laser absorbing layer). Both the TFTs (M1 and 
M2) in Figure 29 are n-type MOSFETs. tt is to be under- so 
stood that the present invention is not limited in its appli- 
cation to n-type MOSFETs. In practicing the present 
invention, p-type MOSFETs and CMOS-structure 
devices may be provided. 

[01 67] Then, as shown in Figure 30. the protective film 55 
1600 is etched selectively to form a pixel electrode 1700 
which is connected with an electrode 1400a. The pixel 
electrode 1700 is made of an ITO film or a metallic 



material such as aluminum. The ITO film is used when 
fabricating a transmission-type liquid crystal panel, or 
the metallic material (e.g., aluminum) is used when fab- 
ricating a reflection-type liquid crystal panel. 
[01 68] Then, as shown in Figure 31 . a substrate 1 900 
serving as a primary destination-of-transfer part is 
attached via a hot-melt adhesive layer 1800 corre- 
sponding to a second separation layer. The second sep- 
aration layer may be formed to provide an abrasion layer 
as in the case of the first separation layer. 
[01 69] Then, as shown in Figure 31 , the bottom of the 
substrate 3000 is irradiated using an excimer laser. 
After irradiation with the excimer laser, the substrate 
3000 is removed. 

[01 70] Then, the first separation layer (laser absorbing 
layer) is removed. Thus, the pixel part 442 and the driver 
circuit 44 are transferred to the primary destination-of- 
transfer part 1900 as shown in Figure 32. 
[01 71 ] Then, as shown in Figure 33, a secondary des- 
tination-of-transfer part 2100 is attached to the bottom 
of the SiO 2 film 1000 via a thermosetting adhesive layer 
2000. 

[01 72] Thereafter, the primary destination-of-transfer 
part 1900 is placed in an oven, for example, in order to 
melt the hot-melt adhesive material 1800. Then, the pri- 
mary destination-of-transfer part 1900 is removed. The 
protective film 1600 and the hot-melt adhesive layer 
1900 remaining on the pixel electrode 1700 are also 
removed. 

[0173] In the manner mentioned above, the active 
matrix board 440 mounted on the secondary destina- 
tion-of-transfer part 21 00 is attained shown in Figure 34. 
In this state, the pixel electrode 1700 is exposed on the 
surface of the active matrix board 440, and can be elec- 
trically connected to the liquid crystal. Thereafter, in an 
orientation treatment, an orientation film is formed on 
the surface of the insulation film (SiO 2 intermediate 
layer) 1000 and the surface of the pixel electrode 1700. 
The orientation film is not shown in Figure 34. 
[0174] Further, as shown in Figure 27, a common 
electrode corresponding to the pixel electrode 1 700 is 
formed on the active matrix board 440. Then, the facing 
panel 480 having its surface treated for orientation and 
the active matrix board 440 are sealed (with sealant), 
and liquid crystals are introduced therebetween. A liq- 
uid crystal display can thus be completed. 

(Fifth Embodiment) 

[0175] Figure 35 shows a fifth embodiment of the 
invention. 

[0176] In the present preferred embodiment, the thin 
film device transfer process mentioned above is carried 
out repetitively to transfer a plurality of patterns contain- 
ing thin film devices to a substrate (destination-of-trans- 
fer part) which is larger than each object-of-transfer 
substrate. A large-sized active matrix board can thus be 
attained. 



CJD: <EP 0924769A1_L> 



15 



29 



EP 0 924 769 A1 



30 



[0177] More specifically, the thin film device transfer 
process is repeated on a large substrate 7000 to form 
pixel portions 7100a to 7100p. At the top of Figure 35, 
an enlarged view of each pixel part is shown (enclosed 
by the chain line). As shown in this enlarged view, each 5 
pixel part comprises a TFT and wire lines. In Figure 35, 
reference numeral 7210 indicates a scanning line, refer- 
ence numeral 7200 indicates a signal line, reference 
numeral 7220 indicates a gate electrode, and reference 
numeral 7230 indicates a pixel electrode. 10 
[0178] It is possible to produce a large-sized active 
matrix board comprising highly reliable thin film devices 
by carrying out the thin film pattern transfer process a 
plural number of times using a highly reliable substrate 
repetitively or using a plurality of first substrates. 15 

(Sixth Embodiment) 

[0179] Figure 36 shows a sixth embodiment of the 
invention. 20 
[0180] In the present preferred embodiment, the thin 
film device transfer process mentioned above is carried 
out repetitively to transfer a plurality of patterns contain- 
ing thin film devices, each having different design rule 
levels (thin film devices having different minimum line 25 
widths corresponding to different pattern design rule 
levels), to a substrate larger than each object-of -transfer 
substrate. 

[0181] Figure 36 illustrates an active matrix board 
having drivers mounted thereon. Through repetition of 30 
the thin film device transfer process, drivers 8000 to 
8032 fabricated on a design rule finer than that for the 
pixel portions 71 00a to 71 OOp are formed on the periph- 
ery of a substrate 6000. 

[0182] Since a shift register constituting each driver 35 
circuit performs logic level operation at a low voltage, it 
may merely be necessary to satisfy a requirement for a 
withstand voltage lower than that of a pixel TFT. It is 
therefore possible to provide TFTs in an integration 
scale finer than that for pixel TFTs. 40 
[0183] According to the present preferred embodi- 
ment, a plurality of circuits having different design rule 
levels (fabricated in different processes) can be realized 
on a single substrate. Since means for sampling a data 
signal under control of the shift register (thin film transis- 45 
tor M2 in Figure 27) is required to satisfy the require- 
ment for a withstand voltage as high as that of the pixel 
TFT, it is preferable to form the sampler means on the 
basis of the same design rule and in the same process 
as those of the pixel TFT so 

(Seventh Embodiment) 

[0184] Figures 37 and 38 show modified embodi- 
ments in which an amorphous silicon layer 220 equiva- ss 
lent to the first separation layer 120 in the first 
embodiment is used in place of the hot-melt adhesive 
layer 160 (second separation layer) employed in the first 



embodiment. As shown in Figure 37, the primary desti- 
nation-of -transfer part 180 is attached to the amorphous 
silicon layer 220 via an adhesive layer 230. Figure 37 
also shows a light irradiation process for inducing abra- 
sion in the first separation layer 120, which corresponds 
to the step presented in Figure 4. 
[0185] After the light irradiation step in Figure 37, the 
substrate 100 and the first separation layer 120 are 
removed from the bottom of the thin film device layer 
140. Then, as shown in Figure 38, the secondary desti- 
nation-of-transfer part 200 is attached to the bottom of 
the thin film device layer 1 40 via the adhesive layer 1 90. 
Thereafter, as shown in Figure 38, the amorphous sili- 
con layer 220 is irradiated with light through the primary 
desttnation-of -transfer part 180, thereby causing abra- 
sion in the amorphous silicon layer 220. Resultantly, the 
primary destination-of -transfer part 180 and the adhe- 
sive layer 230 can be removed from the thin film device 
layer 140. 

[0186] As exemplified above, abrasion may be made 
to occur in both the first and second separation layers in 
succession for transferring the thin film device layer 140 
to the secondary destination-of-transfer part 200 in the 
present invention. 

[01 87] The following describes actual examples of the 
present invention. 

(Example 1) 

[0188] A quartz substrate 50 mm long, 50 mm wide 
and 1.1 mm thick (softening point: 1630°C, distortion 
point: 1070°C, excimer laser transmittance: approx. 
100%) was prepared. On one side of the quartz sub- 
strate, an amorphous silicon (a-Si) layer was formed as 
a first separation layer (laser absorbing layer) using a 
low-pressure CVD method (Si 2 He gas, 425°C). The film 
thickness of the first separation layer was 100 nm. 
[0189] Then, on the first separation layer, an Si0 2 film 
was formed as an intermediate layer using an ECR- 
CVD method (SiH 4 +0 2 gas, 100°C). The film thickness 
of the intermediate layer was 200 nm. 
[01 90] Then, on the intermediate layer, an amorphous 
silicon film was formed as an object-of-transfer layer 
using the low-pressure CVD method (Si 2 H 6 gas, 
425°C). This amorphous silicon film was irradiated with 
laser beams (wavelength: 308 nm) for crystallization 
into a polysilicon film. Thereafter, the polysilicon film 
was patterned as specified to arrange source, drain and 
channel regions of thin film transistors. Then, after the 
surface of the polysilicon was thermally oxidized at a 
temperature higher than 1 000°C to provide a gate insu- 
lation film Si0 2 , a gate electrode (having a laminar 
structure made of high-melting-point metal such as Mo 
on polysilicon) was formed on the gate insulation film. 
Using the gate electrode as a mask, ion implantation 
was carried out to form source and drain regions in a 
self-alignment fashion. Thus, thin film transistors were 
formed. Thereafter, electrodes and wire lines to the 



16 



31 




EP 0 924 769 A1 



32 



source and drain regions, and wire lines to the gate 
electrode may be formed as required. The material for 
these electrodes may be Al but is not limited thereto. 
Where there is a possibility that Al may melt from laser 
irradiation in a later step, it is advisable to use a metallic 5 
material having a melting point higher than Al (any 
metallic material that will not be melted by laser irradia- 
tion to be applied later). 

[0191] Then, a hot-melt adhesive (trade name: Proof 
Wax) was applied on the thin film transistors thus 10 
formed, and a large-sized transparent glass substrate 
200 mm long, 300 mm wide and 1.1 mm thick (soda- 
lime glass, softening point: 740°C, distortion point: 
51 1°C) was attached thereto as a primary destination- 
of -transfer part 15 
[0192] Then, the first separation layer was irradiated 
with an Xe-CI excimer laser (wavelength: 308 nm) 
through the quartz substrate to cause exfoliation (inner- 
layer exfoliation and interface exfoliation). The energy 
density of the applied Xe-CI excimer laser was 250 20 
mJ/cm 2 , and the irradiation time thereof was 20 nsec. 
Note that irradiation with an excimer laser is categorized 
into spot beam irradiation and line beam irradiation. In 
spot beam irradiation, a spot laser beam is applied to a 
predetermined unit region (e.g.. 8 mm x 8 mm), while 25 
being shifted in increments of approx. 1/10 of the unit 
region. In line beam irradiation, a line laser beam is 
applied to a predetermined unit region (e.g., 378 mm x 
0.1 mm, or 378 mm x 0.3 mm; a region where 90% or 
more of laser energy is attainable), while being shifted 30 
in increments of approx. 1/10 of the unit region. Thus, 
each point on the first separation layer is irradiated with 
the laser at least ten times. This laser irradiation is car- 
ried out on the entire surface of the quartz substrate 
while each irradiated region is shifted. 35 
[0193] Thereafter, the quartz substrate and the glass 
substrate (primary destination-of-transfer part) were 
removed from the first separation layer. Thus, the thin 
film transistor layer and the intermediate layer formed 
on the quarts substrate were primarily transferred to the 40 
glass substrate (primary destination-of-transfer part). 
[0194] Then, the first separation layer adhering to the 
surface of the intermediate layer on the glass substrate 
was eliminated by a means such as etching, cleaning or 
a combination thereof. The quartz substrate was treated 45 
the same for recycling. 

[0195] Further, an ultraviolet-curable adhesive was 
applied (film thickness: 10 pir\) to the exposed interme- 
diate layer, and a large-sized transparent glass sub- 
strate 200 mm long, 300 mm wide and 1.1 mm thick so 
(soda-lime glass, softening point: 740°C. distortion 
point: 51 1 °C) was attached thereto as a secondary des- 
tination-of-transfer part. Then, the adhesive material 
was hardened by ultraviolet radiation through the glass 
substrate to bond the glass substrate securely. ss 
[0196] Thereafter, the hot-melt adhesive material was 
thermally melted, and the glass substrate serving as the 
primary destination-of-transfer part was removed. In 



this manner, the thin film transistor layer and the inter- 
mediate layer were secondarily transferred to the glass 
substrate serving as the secondary destination-of- 
transfer part. The primary destination-of-transfer part 
may also be recycled. 

[01 97] In a situation where the glass substrate serving 
as the primary destination-of-transfer part is larger than 
the quartz substrate, primary transfer from the quartz 
substrate to the glass substrate in the present example 
may be repeated on regions having different planes. 
Thus, more thin film transistors can be formed on the 
glass substrate than on the quartz substrate. More thin 
film transistors can be formed on the glass substrate 
similarly by means of repetitive lamination. Stili further, 
it is possible to form more thin film transistors than those 
formable on the quartz substrate by using a glass sub- 
strate (secondary destination-of-transfer part) which is 
larger than the primary destination-of-transfer part and 
the quartz substrate and by repeating the secondary 
transfer to the glass substrate. 

(Example 2) 

[0198] As a first separation layer, an amorphous sili- 
con film containing 20 atomic % of H (hydrogen) was 
used. The thin film transfer process was carried out in 
the same manner as in Example 1 except for this condi- 
tion. 

[01 99] The quantity of H contained in the amorphous 
silicon film was adjusted by setting proper film formation 
parameters for a low-pressure CVD method. 

(Example 3) 

[0200] As a first separation layer, a ceramic thin film 
formed through spin coating by a sol-gel method (com- 
position: PbTi0 3 , film thickness: 200 nm) was used. The 
thin film transistor process was carried out in the same 
manner as in Example 1 except for this condition. 

(Example 4) 

[0201] As a first separation layer, a ceramic thin film 
formed by sputtering (composition: BaTi0 3 . film thick- 
ness: 400 nm) was used. The thin film transistor proc- 
ess was carried out in the same manner as in Example 
1 except for this condition. 

(Example 5) 

[0202] As a first separation layer, a ceramic thin film 
formed by a laser abrasion method (composition: Pb 
(Zr, Ti) O3 (PZT), film thickness: 50 nm) was used. The 
thin film transistor process was carried out in the same 
manner as in Example 1 except for this condition. 
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(Example 6) 

[0203] As a first separation layer, a polyimide film 
formed by spin coating (film thickness: 200 nm) was 
used. The thin film transistor process was carried out in s 
the same manner as in Example 1 except for this condi- 
tion. 

(Example 7) 

10 

[0204] As a first separation layer, a polyphenylene 
sulfide film formed by spin coating (film thickness: 200 
nm) was used. The thin film transistor process was car- 
ried out in the same manner as in Example 1 except for 
this condition. 75 

(Example 8) 

[0205] As a first separation layer, an aluminum layer 
formed by sputtering (film thickness: 300 nm) was used. 20 
The thin film transistor process was carried out in the 
same manner as in Example 1 except for this condition. 

(Example 9) 

25 

[0206] A Kr-F excimer laser (wavelength: 248 nm) was 
used as light applied for irradiation. The thin film transis- 
tor process was earned out in the same manner as in 
Example 2 except for this condition. The energy density 
of the laser applied for irradiation was 250 mJ/cm 2 , and 30 
the irradiation time was 20 nsec. 

(Example 10) 

[0207] An Nd-YAIG laser (wavelength: 1068 nm) was 35 
used as light applied for irradiation. The thin film transis- 
tor process was carried out in the same manner as in 
Example 2 except for this condition. The energy density 
of laser applied for irradiation was 400 mJ/cm 2 , and the 
irradiation time was 20 nsec. 40 

(Example 11) 

[0208] As an object-of-transfer layer, a polysilicon thin 
film transistor layer formed through high-temperature 45 
processing at 1000°C (film thickness: 80 nm) was used. 
The thin film transistor process was carried out in the 
same manner as in Example 1 except for this condition. 

(Example 12) so 

[0209] As a destination-of-transfer part, a transparent 
substrate made of polycarbonate (glass transition tem- 
perature: 1 30°C) was used. The thin film transistor proc- 
ess was carried out in the same manner as in Example 55 
1 except for this condition. 



(Example 13) 

[021 0] As a destination-of-transfer part, a transparent 
substrate made of AS resin (glass transition tempera- 
ture: 70 to 90°C) was used. The thin film transistor proc- 
ess was carried out in the same manner as in Example 
2 except for this condition. 

(Example 14) 

[021 1 ] As a destination-of-transfer part, a transparent 
substrate made of polymethylmethacrylate (glass tran- 
sition temperature: 70 to 90°C) was used. The thin film 
transistor process was carried out in the same manner 
as in Example 3 except for this condition. 

(Example 15) 

[021 2] As a destination-of-transfer part, a transparent 
substrate made pf polyethylene terephthalate (glass 
transition temperature: 67°C) was used. The thin film 
transistor process was carried out in the same manner 
as in Example 5 except for this condition. 

(Example 16) 

[021 3] As a destination-of-transfer part, a transparent 
substrate made of high density polyethylene (glass tran- 
sition temperature: 77 to 90°C) was used. The thin film 
transistor process was carried out in the same manner 
as in Example 6 except for this condition. 

(Example 17) 

[021 4] As a destination-of-transfer part, a transparent 
substrate made of polyamide (glass transition tempera- 
ture: 145°C) was used. The thin film transistor process 
was carried out in the same manner as in Example 9 
except for this condition. 

(Example 18) 

[021 5] As a destination-of-transfer part, a transparent 
substrate made of epoxy resin (glass transition temper- 
ature: 120°C) was used. The thin film transistor process 
was carried out in the same manner as that in Example 
1 0 except this condition. 

(Example 19) 

[021 6] As a destination-of-transfer part, a transparent 
substrate made of polymethylmethacrylate (glass tran- 
sition temperature: 70 to 90°C) was used. The thin film 
transistor process was carried out in the same manner 
as in Example 1 1 except for this condition. 
[0217] In Examples 1 to 19, the transferred thin film 
transistors were examined through macroscopic and 
microscopic observations. The results of examinations 
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in these examples revealed that uniform transference 
was accomplished without defect and unevenness. 
[021 8] As described hereinabove and according to the 
thin film device transfer technique of the present inven- 
tion, it is possible to secondarily transfer thin film s 
devices (object-of-transfer layer) to a variety of destina- 
tion-of-transfer parts while maintaining the layering rela- 
tionship of the thin film devices with respect to a 
substrate employed for thin film device formation. For 
instance, using the thin film device transfer technique of 10 
the present invention, thin film devices can be mounted 
on a part made of a material which does not permit 
direct formation of a thin film thereon, a material not 
suitable for thin film formation, an easy-to-mold material 
or an inexpensive material. With the thin film transfer is 
technique of the present invention, thin film devices can 
also be mounted on a large-sized part which does not 
easily disintegrate. 

[021 9] In particular, it is possible to use a destination- 
of -transfer part made of a material which is inferior to an 20 
ordinary thin film device substrate material in such char- 
acteristics as heat resistance and corrosion resistance, 
e.g., any synthetic resin or glass material having a low 
melting point. According to the present invention, in fab- 
rication of a liquid crystal display comprising thin film 25 
transistors (polysilicon TFTs in particular) for example, a 
heat-resistant quartz glass material may be used as a 
substrate for thin film device formation, and a transpar- 
ent substrate made of an inexpensive easy-to-shape 
material such as a synthetic resin or glass material hav- 30 
ing a low melting point may be used as a destination-of- 
transfer part. Thus, a large-sized inexpensive liquid 
crystal display can be manufactured with ease, rt is to 
be understood that such an advantageous feature of the 
present invention is not limited in its application to fabri- 35 
cation of a liquid crystal display and may be applied to 
the fabrication of other kinds of devices. 
[0220] Further, having the above-mentioned advan- 
tages, the thin film device transfer technique of the 
present invention makes it possible to form and pattern 40 
a functional thin film device layer (object-of-transfer 
layer) on a highly reliable substrate such as a heat- 
resistant quartz glass substrate. Regardless of material 
characteristics and properties of a destination-of-trans- 
fer part, highly reliable functional thin film devices can 45 
therefore be mounted on the destination-of-transfer part 
according to the present invention. 
[0221] Furthermore, although such a highly reliable 
substrate is expensive, it may be recycled to reduce 
manufacturing costs. so 
[0222] Still further, as described above and according 
to one aspect of the present invention, an object-of- 
transfer layer having a shape retaining property can be 
transferred from a substrate employed for its formation 
to a destination-of-transfer part using only one separa- ss 
tion layer and one destination-of-transfer part instead of 
combined use of first and second separation layers and 
primary and secondary destination-of-transfer parts. 



For the purpose of providing the object-of-transfer layer 
with a shape retaining property, the thickness of an 
insulation layer for thin film devices may be increased or 
a reinforcing layer may be formed thereon. 

Claims 

1 . A thin film device transfer method comprising: 

a first step of forming a first separation layer on 
a substrate; 

a second step of forming an object-of-transfer 
layer containing a thin film device on said first 
separation layer; 

a third step of forming a second separation 
layer on said object-of-transfer layer; 
a fourth step of attaching a primary destination- 
of-transfer part to said second separation layer; 
a fifth step of removing said substrate from said 
object-of-transfer layer using said first separa- 
tion layer as a boundary; 
a sixth step of attaching a secondary destina- 
tion-of-transfer part to the bottom of said 
object-of-transfer layer; and 
a seventh step of removing said primary desti- 
nation-of-transfer part from said objet-of-trans- 
fer layer using said second separation layer as 
a boundary. 

whereby said object-of-transfer layer contain- 
ing said thin film device is transferred to said 
secondary destination-of-transfer part. 

2. The thin film device transfer method as defined in 
claim 1, wherein said fifth step includes a step of 
irradiating said first separation layer with light to 
cause exfoliation in an inner-layer and/or interface 
of said first separation layer. 

3. The thin film device transfer method as defined in 
claim 2, wherein: 

said substrate transmits light; and 

said first separation layer is irradiated with light 

though said substrate which transmits light. 

4. The thin film device transfer method as defined in 
any one of claims 1 to 3. wherein: 

said second separation layer is made of an 
adhesive material; and 

said fifth step includes a step of melting said 
adhesive material. 

5. The thin film device transfer method as defined in 
any one of claims 1 to 3, wherein said seventh step 
includes a step of irradiating said second separa- 
tion layer with light to cause exfoliation in an inner- 
layer part and/or interface of said second separa- 
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tion layer. 

6. The thin film device transfer method as defined in 
claim 5, wherein: 

5 

said primary destination-of-transfer part trans- 
mits light; and 

said second separation layer is irradiated with 
light through said primary destination-of-trans- 
fer part which transmits light. 

7. The thin film device transfer method as defined in 
any one of claims 1 to 6, wherein said second step 
includes a step of forming an electrode for conduc- 
tion to said thin film device after formation of said 
thin film device. 

8. The thin film device transfer method as defined in . 
any one of claims 1 to 7, wherein said secondary 
destination-of-transfer part is transparent. 

9. The thin film device transfer method as defined in 
any of claims 1 to 8, wherein said secondary desti- 
nation-of-transfer part is made of a material having 
a glass transition temperature (Tg) or softening 
point which is lower than or equal to a maximum 
temperature T max used in formation of said object- 
of-transfer layer. 

10. The thin film device transfer method as defined in 
any one of claims 1 to 8, wherein said secondary 
destination-of-transfer part has a glass transition 
temperature (Tg) or softening point which is lower 
than or equal to a maximum temperature used in 
formation of said thin film device. 

11. The thin film device transfer method as defined in 
any one of claims 1 to 10, wherein said secondary 
destination-of-transfer part is made of a synthetic 
resin or glass material. 40 

12. The thin film device transfer method as defined in 
any one of claims 1 to 1 1 , wherein said substrate is 
resistant to heat. 

45 

13. The thin film device transfer method as defined in 
any one of claims 1 to 12, wherein said substrate is 
made of a material having a distortion point which is 
higher than or equal to a maximum temperature 
T max used in formation of said object-of -transfer so 
layer. 

14. The thin film device transfer method as defined in 
any one of claims 1 to 13, wherein said thin film 
device includes a thin film transistor (TFT). 55 

1 5. A thin film device transfer method comprising: 



a first step of forming a first separation layer on 
a substrate; 

a second step of forming an object-of-transfer 
layer containing thin film devices on said first 
separation layer; 

a third step of forming a second separation 
layer on said object-of-transfer layer; 
a fourth step of attaching a primary destination- 
of-transfer part to said second separation layer; 
a fifth step of removing said substrate from said 
object-of-transfer layer using said first separa- 
tion layer as a boundary; 
a sixth step of attaching a secondary destina- 
tion-of-transfer part which is larger than said 
substrate to the bottom of said object-of-trans- 
fer layer; and 

a seventh step of removing said primary desti- 
nation-of-transfer part from said object-of- 
transfer layer using said second separation 
layer as a, boundary, 

whereby said plurality of object-of-transfer lay- 
ers are transferred to said secondary destina- 
tion-of-transfer part by repeating said first to 
seventh steps a plural number of times. 

16. The thin film device transfer method as defined in 
claim 15. wherein a design rule level of at least one 
of said thin film devices transferred to said second- 
ary destination-of-transfer part is different from that 
of the other thin film devices. 

17. A thin film device transferred to said secondary 
destination-of-transfer part using a thin film device 
transfer method defined in any one of claims 1 to 
16. 

18. A thin film integrated circuit comprising a thin film 
device transferred to a secondary destination-of- 
transfer part using the transfer method defined in 
any of claims 1 to 16. 

19. An active matrix board comprising a pixel portion 
which includes thin film transistors (TFTs) arranged 
in a matrix and pixel electrodes connected with 
respective ends of said thin film transistors, 
wherein the method defined in any one of claims 1 
to 16 is used in transferring said thin film transistors 
of said pixel portion for fabrication of the active 
matrix board. 

20. An active matrix board comprising: 

a pixel portion which includes thin film transis- 
tors (TFTs) connected with scanning lines and 
signal lines arranged in a matrix, and pixel 
electrodes connected with respective ends of 
said thin film transistors; and 
a driver circuit for supplying signals to said 
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scanning lines and signal lines, 
wherein the method defined in claim 16 is used 
in thin film transistor fabrication based on a first 
design rule level for said pixel portion and in 
thin film transistor fabrication based on a sec- 
ond design rule level for said driver circuit. 

21. A liquid crystal display device manufactured by 
using an active matrix board defined in claim 19 or 
20. 

22. An electronic apparatus comprising a thin film 
device transferred to said secondary destination-of- 
transfer part using the thin film device transfer 
method defined in any one of claims 1 to 16. 

23. The electronic apparatus as defined in claim 22, 
wherein said secondary destination-of-transfer part 
is provided as a casing part of said electronic appa- 
ratus and said thin film device is transferred on at 
least one of the inside and outside of said casing 
part. 

24. A thin film device transfer method, comprising: 

a first step of forming a first separation layer on 
a substrate; 

a second step of forming an object-of-transfer 
layer containing a thin film device on said first 
separation layer; 

a third step of removing said substrate from 
said object-of-transfer layer using said first sep- 
aration layer as a boundary; and 
a fourth step of attaching a destination-of- 
transfer part to the bottom of said object-of- 
transfer layer, 

whereby said object-of-transfer layer contain- 
ing said thin film device is transferred to said 
destination-of-transfer part. 

Amended claims under Art 19.1 PCT 

1. (Amended) A thin film device transfer method 
comprising: 

a first step of forming a first separation layer on 
a substrate; 

a second step of forming an object-of-transfer 
layer containing a thin film device on said first 
separation layer; 

a third step of forming a second separation 
layer on said object-of-transfer layer; 
a fourth step of attaching a primary destination- 
of-transfer part to said second separation layer; 
a fifth step of irradiating said first separation 
layer with light to cause exfoliation in an inner- 
layer and/or interlace of said first separation 
layer, and then removing said substrate from 



said object-of-transfer layer using said first sep- 
aration layer as a boundary; 
a sixth step of attaching a secondary destina- 
tion-of-transfer part to the bottom of said 
5 object-of-transfer layer; and 

a seventh step of removing said primary desti- 
nation-of-transfer part from said objet-of-trans- 
fer layer using said second separation layer as 
a boundary, 

10 whereby said object-of-transfer layer contain- 

ing said thin film device is transferred to said 
secondary destination-of-transfer part. 

2. (Deleted) 

15 

3. (Amended) The thin film device transfer method 
as defined in claim 1, wherein: 

said substrate transmits light; and 
20 said first separation layer is irradiated with light 

though said substrate which transmits light. 

4. The thin film device transfer method as defined in 
any one of claims 1 to 3, wherein: 

25 

said second separation layer is made of an 
adhesive material; and 

said fifth step includes a step of melting said 
adhesive material. 

30 

5. The thin film device transfer method as defined in 
any one of claims 1 to 3, wherein said seventh step 
includes a step of irradiating said second separa- 
tion layer with light to cause exfoliation in an inner- 

35 layer part and/or interface of said second separa- 
tion layer. 

6. The thin film device transfer method as defined in 
claim 5, wherein: 

40 

said primary destination-of-transfer part trans- 
mits light; and 

said second separation layer is irradiated with 
light through said primary destination-of-trans- 
45 fer part which transmits light. 

7. The thin film device transfer method as defined in 
any one of claims 1 to 6, wherein said second step 
includes a step of forming an electrode for conduc- 

so tion to said thin film device after formation of said 
thin film device. 

8. The thin film device transfer method as defined in 
any one of claims 1 to 7, wherein said secondary 

55 destination-of-transfer part is transparent. 

9. The thin film device transfer method as defined in 
any of claims 1 to 8, wherein said secondary desti- 
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nation-of-transfer part is made of a material having 
a glass transition temperature (Tg) or softening 
point which is lower than or equal to a maximum 
temperature T max used in formation of said object- 
of-transfer layer. 
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layer as a boundary, 

whereby said plurality of object-of-transfef lay- 
ers are transferred to said secondary destina- 
tion-of-transfer part by repeating said first to 
seventh steps a plural number of times. 



10. The thin film device transfer method as defined 
in any one of claims 1 to 8, wherein said secondary 
destination-of-transfer part has a glass transition 
temperature (T g) or softening point which is lower 10 
than or equal to a maximum temperature used in 
formation of said thin film device. 

1 1 . The thin film device transfer method as defined 

in any one of claims 1 to 10, wherein said second- is 
ary destination-of-transfer part is made of a syn- 
thetic resin or glass material. 

12. The thin film device transfer method as defined 

in any one of claims 1 to 1 1 , wherein said substrate 20 
is resistant to heat. 

13. The thin film device transfer method as defined 
in any one of claims 1 to 12, wherein said substrate 

is made of a material having a distortion point which 25 
is higher than or equal to a maximum temperature 
T max used in formation of said object-of-transfer 
layer. 

1 4. The thin film device transfer method as defined 30 
in any one of claims 1 to 13, wherein said thin film 
device includes a thin film transistor (TFT). 

15. (Amended) A thin film device transfer method 
comprising: 35 

a first step of forming a first separation layer on 
a substrate; 

a second step of forming an object-of-transfer 
layer containing thin film devices on said first 40 
separation layer; 

a third step of forming a second separation 
layer on said object-of-transfer layer; 
a fourth step of attaching a primary destination- 
of-transfer part to said second separation layer; 45 
a fifth step of irradiating said first separation 
layer with light to cause exfoliation in an inner- 
layer and/or interface of said first separation 
layer, and then removing said substrate from 
said object-of-transfer layer using said first sep- so 
aration layer as a boundary; 
a sixth step of attaching a secondary destina- 
tion-of-transfer part which is larger than said 
substrate to the bottom of said object-of-trans- 
fer layer; and 55 
a seventh step of removing said primary desti- 
nation-of-transfer part from said object-of- 
transfer layer using said second separation 



16. The thin film device transfer method as defined 
in claim 15, wherein a design rule level of at least 
one of said thin film devices transferred to said sec- 
ondary destination-of-transfer part is different from 
that of the other thin film devices. 

17. A thin film device transferred to said secondary 
destination-of-transfer part using a thin film device 
transfer method defined in any one of claims 1 to 
16. 

18. A thin film integrated circuit comprising a thin 
film device transferred to a secondary, destination- 
of-transfer part using the transfer method defined in 
any of claims 1 to 16. 

19. An active matrix board comprising a pixel por- 
tion which includes thin film transistors (TFTs) 
arranged in a matrix and pixel electrodes con- 
nected with respective ends of said thin film transis- 
tors, 

wherein the method defined in any one of claims 1 
to 16 is used in transferring said thin film transistors 
of said pixel portion for fabrication of the active 
matrix board. 

20. An active matrix board comprising: 

a pixel portion which includes thin film transis- 
tors (TFTs) connected with scanning fines and 
signal lines arranged in a matrix, and pixel 
electrodes connected with respective ends of 
said thin film transistors; and 
a driver circuit for supplying signals to said 
scanning lines and signal fines, 
wherein the method defined in claim 16 is used 
in thin film transistor fabrication based on a first 
design rule level for said pixel portion and in 
thin film transistor fabrication based on a sec- 
ond design rule level for said driver circuit. 

21. A liquid crystal display device manufactured by 
using an active matrix board defined in claim 19 or 
20. 

22. An electronic apparatus comprising a thin film 
device transferred to said secondary destination-of- 
transfer part using the thin film device transfer 
method defined in any one of claims 1 to 16. 

23. The electronic apparatus as defined in claim 22, 
wherein said secondary destination-of-transfer part 
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is provided as a casing part of said electronic appa- 
ratus and said thin film device is transferred on at 
least one of the inside and outside of said casing 
part. 

5 

24. (Amended) A thin film device transfer method 
comprising: 

a first step of forming a first separation layer on 
a substrate; io 
a second step of forming an object-of-transfer 
layer containing a thin film device on said first 
separation layer; , 

a third step of irradiating said first separation 
layer with light to cause exfoliation in an inner- is 
layer and/or interface of said first separation 
layer, and then removing said substrate from 
said object-of-transfer layer using said first sep- 
aration layer as a boundary; and 
a fourth step of attaching a destination-of- 20 
transfer part to the bottom of said object-of- 
transfer layer, 

whereby said object-of-transfer layer contain- 
ing said thin film device is transferred to said 
destination-of-transfer part. 25 



30 



35 



40 



45 



50 



0924769A1_I_> 



23 



EP 0 924 769 A1 



FIG. I 




FIG. 2 



I40 



I20 



IOO^ : 



» ,46 , 54 





I44 



I42 



FIG. 3 




S3 \ \\ 



<. * <t < < < < 



I80 

.160 

140 

120 

100 



24 



XDID: <EP 09S4769A1_I_> 



EP 0 924 769 A1 



FIG. 4 



FIG. 5 




LASER BEAM 



FIG. 6 




IOO 




25 



• 

EP 0 924 769 A1 



FIG. 7 




F I G . 8 HEAT 

ill 



FIG. 9 




26 



EP 0 924 769 A1 



FIG. IO 




:iD- <EP 09247^A1 I > 



27 



EP 0 924 769 A1 



FIG. I 



LASER BEAM 

> i 5 r j 



I43 



I42 
I20 

IOO 



FIG. 12 



I44a 



I44b 



■*» " x ■*> x xx.,».x.x>xx < x a /T/Tx x x, x x. x >* x x« 

* A X A, A .»aXaA^.,ax.,.,aX,iXAaXX,A.S.X > X< 

' ' ' ' . . ' ' 



I42 
J20 

JOO 



F IG.I3 



I48a 



I48b 



I44a 



It 



~ <^ -v. < X -J *^ A X ^ s X X ' * X X. A /* X X X X X X 



I42 
33 !20 



JOO 



FIG.I4 



I5da 



z Z / / / ? S 




I48a 
I44a 



I50b 



I48b 
I44b 



77 



I42 

I20 
IOO 



28 



CID: <EP__0924769A1_L> 



EP 0 924 769 A1 



FIG.I5 



I70 




I72a ( P + ) ( 

!72b(P + ) 



I42 
I20 



IOO 



FIG.I6 



I48a 



J 



1 50a 



A. 



I48b 



1 74 



- — : — —s 'I- ' s ■* < a. \, < * < < ,\< ^ ^ A. ^ ... x „ 






2i 




142 



^^120 



146a 



146b 



172a 



172b 



FIG. 17 



,52a I50a ,52b 



150 b 



I52d 




,46<J l46b 

148a 172a 



148b 



172b 



:ID: <EP 0924769A1 I > 



29 



EP 0 924 769 A1 



j 




CJD: <EP 0924769A1_I_> 



30 



# 



EP 0 924 769 A1 



FIG. 20 



I80 




I50a I50b I48b 



31 




EP 0 924 769 A1 



FIG. 22 



I80 




FIG. 23 




32 



EP 0 924 769 A1 



FIG. 24 




3CID: <BP. 0924769A1_I_> 



33 




EP 0 924 769 A1 



FIG.25A 

I82 FLEXIBLE BOARD 




FIG.25B 

320 300 




340 



34 



# 



EP 0 924 769 A1 



FIG. 26 

/-^__ 500 POLARIZING PLATE 





CID: <EP 0924769A1 J_> 



35 



m 

EP 0 924 769 A1 



O 
ST 




36 

5'3- 5|P^0?g4769A1 I » 



EP 0 924 769 A1 




37 




2ID: <EP 0924769 A 1 I > 



38 



# 

EP 0 924 769 A1 




>CID:<EP 0924769A1 I > 



39 




40 




CID: <EP 0924769A1 I > 



41 




42 



# 

EP 0 924 769 A1 




nfl?47fiAA1 I > 



43 



EP 0 924 769 A1 



F I G . 35 



7200 




,7230 PIXEL ELECTRODE 
72 20 GATE ELECTRODE 
,7210 SCANNING LINE 



7IOOg 



7IOOm 



7,000 7100b 7 J 00C 7IOOd 



1 



7l00n 7,O0(O, 7I0O Pj | 



Til 



7IOOk 



7 



111 



TlOOh 



7100/ 



7000 



6000 ACTIVE MATRIX BOARD 



CID: <EP__0924769A1 J_> 



44 



EP 0 924 769 A1 



F IG.36 












/ 



























6000 i 



8024 




8009 



7000 



3CID: <EP 0924769A1_L> 



45 




EP 0 924 769 A1 



FIG. 37 




< * „ < < < * •< < A. ■ 

< < •<■ A\ X ■«. A. < * ■<■ 



LASER BEAM 



^140 

-I20 



FIG. 38 



LASER BEAM 




46 




EP 0 924 769 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 
' PCT/JP98/02918 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 4 H01L27/12, H01L21/336, H01L29/786, G02F1/136, 500 

According to International Patent Classification QPQ or to both national deification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (dassiftcation system followed by classification symbols) ' 

int. CI* H01L27/12, H01L21/336, H01L29/7 So? O02F1/136, 500 



Documentation searched other than minimum documental km to the extent that such 
Jitsuyo Shinan Robo 1972-1995 
KoJcai Jitsuyo Shinan Koho 1972-1995 



documents are included in the fields searched 



Electronic data base consulted during the internattonai search (name of data base and, where 



practicable* search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Gtation of document, with indication, where appropriate, of the relevant passages 



JP, 8-262475, A (Semiconductor Energy Laboratory™ 
Co . , Ltd . ) r * 
11 October* 1996 (11. 10. 96), 

Column 5, line 48 to column 7, line 50 ; Figs. 4, 5 
(Family: none) ' ' 



JP, 5-218365, A (Canon Inc.), 

27 August, 1993 (27. 08. 93), 

Column 10, lines 19 to 43 ;Figs. 1 to 4 

(Family: none) 

JP, 6-289421, A (Matsushita Electric Industrial 
Co . , Ltd. ) , 

18 October, 1994 (18. 10. 94), 

Column 4, lines 15 to 50 ; Figs. 3, 4 (Family: none) 

•JP, 1-61943, A (Seiko Epson Corp.), 
8 March, 1989 (08. 03. 89), 
Claims (Family: none) 



]5Q Further documents are listed in the continuation of Box C Q See patent family i 



Relevant to datm No. 



1, 7, 8, 
11-14, 24 



4, 9, 10, 
15-23 



15, 16, 20 



15, 16, 20 



**">««wfcKi» my throw do«btoo«pnoriry€Uiin( a )orwhi<*is considered oa^^c^yZ^^Z L^ . 

* ctooameai member of lbe orne piltm family 



later document pebththed mha the btarobomJ fitfn* dale or priority 
date and am in conflict witk the appiks4oa toft cited to oadcrstasd 



Date of the actual completion of the internattonai search 

3 September, 1998 (03. 09. 98) 



Name and mailing address of the ISA/ 
Japanese Patent Office 



Facsimile N o. 

Form PCT/ISA/210 (second sheet) (July 1992) 



Date of mailing of the international search report 



16 September, 1998 (16. 09. 98) 



Authorized officer 



Telephone No. 



-ID: <EP 0924769A1 I > 



Best Available 

47 



EP 0 924 769 A1 



INTERNATIONAL SEARCH REPORT 



International application No 

PCT/JP96/02918 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



JP, 8-288522, A (Semiconductor Energy Laboratory 
Co. , Ltd. ) , 

1 November, 1996 (01. 11. 96), 

Column 9, line 37 to column 13 , line 19 ; 

Flgs.'l to 3 (Family: none) 



11-24 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



Best Available Copy 

)CID: <EP 0924769A1_I_> 



